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1.0 INTRODUCTION 


The major theme in this project was to conduct as broad a series 
of studies as possible in areas relevant to the manned space effort 
utilizing the expertise and facilities available within the Section on 
Pharmacology of the Medical Sciences Program in conjunction with 
informational input from various NASA sources. Several aspects can be 
singled out for specific impetus, such as studies of the effects of 
amphetamines (which were accessible during various NASA space missions); 
examination of brain biogenic amines systems and stress phenomena 
(extremely relevant to the stresses of space flight); and the effects 
of commonly used therapeutic agents on a basic physiological drive 
such as deprivation-induced fluid consumption. In addition, many of 
these projects generated spin-off projects in related areas that yielded 
valuable data with significant relevance to aspects of the space program 
or to mankind. 

2.0 EFFECTS OF DRUGS ON DEPRIVATION-IMDUCED FLUID CONSUMPTION 

A number of previous publications from this laboratory had utilized 
a standard test system for examining the effects of drugs on fluid con- 
sumption of deprived animals. In this system, rats are deprived of fluid 
for 23 hours of each day, then given access to an unlimited (but measure- 
able) guantity during the remaining 60 minutes. Temporal drinking patterns 
and volume consumed are recorded; drugs are administered 15 minutes prior 
to the start of a test session. This test system was used to test a 
number of sedative-hypnotic drugs and tricyclic antidepressants, as well 
as to examine tolerance and taste phenomena. 
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2 1 Effects of Various Depressant Drugs on Dep rivation-Indued 
Water Consumption . 

The volume of water consumed in the standardized test system was 
significantly Increased by barbiturates (amobarbital , hexobarbital , 
«thohex1tal, phenobarbital). sedative-hypnotics (glutethlmlde, metha- 
qualone. methyprylon). and anxiolytic agents (chlordiazepoxide, diazepam, 
meprobamate), but not by the antipsychotic agent, promazine. This latter 
finding confirms earlier studies with promazine and other phenothiazine 
derivatives. The results with the depressant drugs suggests that all of 
these agents (Including the anxiolytics) are capable of causing physical 
dependence In man, since the only other drugs showing a similar dipsogenic 

action In rats are the opiate narcotics. (A-2, B-3) 

2,2 Taste Phenomena Influences on Stimul atio n of Deprlvatlon-lnduc go 

Fluid Consumption of Rats . 

The dipsogenic action of barbital and chlordiazepoxide were found 
to be selectively Influenced by the taste of the consummatory fluid 
presented to deprived rats. In the case of barbital, the potency of the 
drug (as a consummatory stimulant) Is reduced when a more pleasant-tasting 
fluid (aqueous saccharin) is substituted for distilled water, while no 
alteration of efficacy 1s seen when the consummatory fluid 1s changed 
from water to an unpleasant-tasting solution (agueous tartaric acid). 
Promazine, although Its effect Is to reduce, rather than Increase, fluid 
consumption by deprived rats, has a similar effect In that its potency 
Is reduced when the consummatory fluid Is saccharin solution. In contrast 
the potency of chlordiazepoxide as a dipsogenic agent was markedly reduced 
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when the taste of the consummatory fluid was altered to either more 
pleasant or less pleasant. (B-11) 

2.3 Lack of Tolerance Development to the Pipsogenic Actions of 
Barbital . 

Previous studies had confirmed the dipsogenic actions of barbital 
when given in acute dosage to rats in the test system utilized in this 
laboratory. Daily dosage of rats with barbital for 14 days produced a 
chronic dipsogenic state with severe overhydration. No tolerance could 
be seen to this effect; on withdrawal of drug dosage, the water intake of 
the rats (when computed on a body weight basis) fell to below norma] 
levels. In contrast, when the daily intake of fluid was restricted ** 
during the period of barbital dosage, overhydration did not occur and 
drinking during the withdrawal phase was increased. These results suggest 
that the release of ADH by barbiturates could be a manifestation of an 
interaction involving the renin-angiotensin system. (B-8) 

2.4 Interactions of Tricyclic Antidepressant Drugs with Deprivation- 
Induced Fluid Consumption by Rats . 

A series of tricyclic antidepressant drugs, representing both secondary 
and tertiary side-chain amines, as well as four different ring systems, 
were examined for their effects on deprivation-induced fluid consumption 
in the standardized test system. All of the compounds reduced fluid 
consumption; the potency ranking was in the order: desipramine > amitrip- 

tyline > doxepin > nortriptyline > imipramine > protriptyline. Pretreat- 
ment of rats with a-methyl tyrosine (in a dosage regimen that lowered brain 
norepinephrine by 50% with no effect on brain serotonin) reduced fluid 
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consumptionj in such anirrals, a dose of protriptyline had its usual 
effect. Pretreatment of rats with p-chlorphenylalanine had a time- 
dependent effect on both brain amines and fluid consumption. At 1 day, 
brain serotonin was 40% of normal brain norepinephrine was lowered by 
35%, and fluid consumption was reduced. At 8 days after dosage, brain 
serotonin was 50% of normal, but brain norepinephrine and fluid consump- 
tion had returned to normal. By 15 days after dosage, brain amines and 
fluid consumption had all returned to normal. Administration of pro- 
triptyline had no effect on fluid consumption on day 1, but had its usual 
magnitude of effect on days 8 and 15. (B-19) 

2.5 Pharmacological and Toxicological Effects of Alkali and Alakline 
Earth Metal Ions as Measured by Deprivation-Induced Fluid 
Consumption . 

Two series of ions were selected: alkali metals (Li+, Na+, K+, Cs+) 

and alkaline earth metals (Mg++, Ca++, Sr++, Ba++). The anionic component 
was kept constant as the Cl ion, and all dosages were by i.p. injection 
as solutions in distilled water. Dose-response data were collected over 
ranges of 0.02 - 0.06 m moles/kg (Ba++) to 1 - 10 m moles/kg (Na+, K+) 
depending on the toxicity of each ion. Dose related stimulation of 
deprivation-induced fluid consumption was evoked by Nat, K+, Ca++, and 
Sr++, while the other ions, except for Ba++, had variable actions. 

Ba++ showed only a depressant action on deprivation-induced fluid con- 
sumption and was the most severely toxic. Differential effects of the 
ions on fluid consumption and overt behavior were clearly observable. 

(A-18) 


4 



3.0 STUDIES ON BRAIN BIOGENIC AMINES. 


There is little doubt that many druns can influence mammalian behavior 
by virtue of interaction(s) with bioqenic amine neurotransmitter systems 
in the brain. Thus, alteration of these neurotransmitter systems by 
adminf’tration of compounds with specific actions prior to administration 
of a test druq may cause the expected action of that test drun to be 
perturbed. In addition, selective alteration of brain bioqenic amine systems 
by specific aqents may yield relevant information reqardinq the systems 
themselves or the aqents that influence them. 

3.1 Differential Effects of Monoamine Oxidase Inhibitors . 

Daily dosage of rats for 20 days with non-toxic amounts of various 
monoamine oxidase inhibitors had clearly differential actions on levels 
of brain biogenic amines and spontaneous motor activity. Open field 
activity was initially depressed by isocarboxazid, but was elevated by 
the 6th day of treatment and remained up throughout the dosage period. 
Parqyline caused increased activity on the 6th and 9th dosage days and 
Su-11,739 Increased activity on the 6th dosage day; both of these compounds 
had no other actions. Tranyleypromine consistently decreased activity 
over the entire dosage course. Brain levels of norepinephrine and sero- 
tonin (on day 20) were elevated by all compounds. The effects on norepine- 
phrine were: Su-11,739 > parqyline, tranyleypromine > isocarboxazid; the 

effects on serotonin were: tranyleypromine > Su-11,739 > parqyline > iso- 

carboxazid. Su-11,739 and tranyleypromine decreased brain levels of 
5-hydroxyindole-3-acet1c acid, while isocarboxazid and tranyleypromine 
were without effect. (B-10) 
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hi. On the Role of Brain Biogenic Amines in the Control of Pituitary- 
Adrenocortical Activity . 

PretrGatment of rats with a monoamine oxidase inhibitor such as par^yline 
prevents the metabolic destruction of serotonin and norepinephrine released 
from brain stores. Administration of a subsequent dose of reserpine will 
thus markedly elevate the ratio of free:bound amines in the brain. Under 
these conditions, the ACTH hypersecretion usually evoked by reserpine 
does not occur, sugqestinp that the lowering of brain amine levels b^^ 
reserpine is the mechanism of action for that drug's effect. The elevated 
levels of brain serotonin and norepinephrine produced by the inhibition 
of monoamine oxidase did not cause ACTH hypersecretion themselves, nor 
did they prevent the ACTH hypersecretion caused by exposure to cold or 
administration of sedative doses of chlorpromazine. (B“16) 

hh Comparative Effects of 5,6-Dihvdroxytryptamine and Its BenzoTbl- 
thiophene Analogue on Biogenic Amines in the Rat . 

Administration of a single i.p, dose of either compound to rats 
caused a significant reduction in levels of norepinephrine in heart and 
spleen. In contrast, only 5, 6-di hydroxy try ptamine reduced spleen levels 
of serotonin, and neither compound had any effect on brain norepinephrine 
or serotonin. When administered directly into the lateral ventricle of 
the rat brain, both compounds reduced the levels of norepinephrine for 
a period of less than 24 hours. The 5,6-dihydroxytryptamine caused a 
prolonged lowering of brain levels of serotonin and 5-hydroxyindole-3- 
acetic acid; in contrast, its benzo[b]thicphene analogue was completely 
without effect on brain serotonin levels. {A-16, A-24, B-20, C-3) 


Id Structure-Activity Relationships In Analogues of 5.6-D1hvdroxy^ 
tryptamlne . 

Studies of a variety of compounds related to 5, 6-di hydroxy tryptamlne, 
includinc) 5-hydroxy-6-methoxytryptamine, 6-hydroxy-5-methoxytryptamine, 

5. 6-dimethoxy tryptamlne, and 3-( 3-aminoethyl )-5, 6-isopropyl Idenedioxy- 
benzo[b]th1ophene demonstrated a wide variety of behavioral and biochemical 
differences related to specific structural entities. For example, the 
key structural factor in selective neurotoxic actions toward serotonergic 
systems appears to be the ability to form a guinone-type structure, 
while the requisite component for affecting catechol aminergic systems 
appears to be the catechol mority. The isopropyl idenedioxy compound 
appears to have extreme biological stability and unique toxicological 
actions. (A-20, A-23, D-1, D-2) 

4.0 BIOCHEMICAL RESPONSES TO STRESSFUL STIMULI 

When the mammalian organism is subjected to stressful stimuli, a 
host of mechanisms are activated, providing a diversity of response 
phenomena. Many measurable changes occur in biochemical parameters, 
some of which are directly relevant to the stress imposed, while others 
are second order or incidental. In addition, responses may differ 
depending upon the type of stress and whether it is of an acute, repetitive, 
or chronic nature. Exploration of a number of parameters in response to 
different stress situations could lead to a descriptive characterization 
of the stress process in animals and indicate appropriate parameters to 
measure in man. 


4 . 1 Development of a Model Stress System for Repetitive Daily stress. 

Usinc mice as the test system for three (ilfferentlally unique stressors 
(cold exposure, forced immobilization, drug-induced stimulation), the 
effects of single and repetitive stress application were measured on a 
variety of biochemical parameters: plasma corticosterone, glucose, and 

free fatty acids, and brain norepinephrine, serotonin, and 5 -hydroxyindole- 
3-acetic acid. In a single exposure, all three stressors elevated plasma 
corticosterone; amphetamine elevated plasma glucose, while cold exposure 
and immobilization produced a hypoglycemia; plasma fatty acids were 
elevated by cold exposure, depressed by immobilization, and unaffected 
by amphetamine. When the acute stress was repeated daily for two weeks, 


adaptation was seen in plasma corticosterone in the repeatedly immobilized 
mice, while amphetamine and cold exposure continued to evoke elevated 
levels; plasma glucose levels were depressed in amphetamine-treated and 
immobilized mice but normal in mice exposed to cold; and plasma fatty acid 
levels were normal in all animals. When animals were subjected to an 
acute stress after two weeks of repetitive stress, the decree of responding 
was reduced for all combinations; the effect was greatest for repetitive 
cold exposure and least for repetitive amphetamine dosage. 

Acute amphetamine was without effect on brain bioqenic amines, 
although repetitive amphetamine for two weeks caused lowered levels of 
brain norepinephrine. Acute cold exposure or immobilization elevated 

levels of serotonin and 5-hydroxyindole-3-acetic acid; on repetitive 
exposure, significant decreases were seen in both compounds. No effects 
were seen on brain norepinephrine with either cold stress or immobilization 
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after single or repetitive exposure. Repetitive cold stress enhanced 
the Increased serotonin and S-hydroxylndole-S-acetlc acid caused by all 
three acute stresses and reduced the effects of acute amphetamine on 
brain norepinephrine; repetitive amphetamine enhanced the effects of a 
subsequent cold exposure on brain norepinephrine; repetitive immobil- 
ization was virtually without effect on subsequent acute stresses. (B-7, P-5) 

4.2 Stress Effects on Conversion of Glucose to C0„ in Mice. 

— - 

Administration of ^‘♦C-labeled glucose to mice under various acute 
stresses leads to differential excretion of ^**C02. Cold stress increases 
the rate of conversion of C-1 or C-L), decreases the rate of conversion 
of C-2, and has no effect on C-6, Immobilization stress has no effect 
on the rate of conversion of C-1 glucose to C02» but causes a decreased 
rate for C-2, C-6, and C-IJ. Amphetamine stress Increases the rate of 
conversion for C-U glucose to CO^, but results in a decreased rate of 
conversion for C-1, C-2, and C-6. (D-6) 

5.0 BIOCHEMICAL AND BEHAVIORAL P H ARMACOLOGY OF AMPHETAMINES 

Amphetamine and a variety of analogues and congeners are extremely 
Interesting and cogent to this overall research program for several 
reasons. First of all, supplies of amphetamine, alone, or in combination 
with another agent, were available to the astronauts on space flights 
for use as antifatique and antimotion sickness agents. Secondly, the 
amphetamines represent a class of pharmacological agents with intriguing 
actions on a variety of body systems that Involve biogenic amines such 
as dopamine and norepinephrine. Thirdly, the known behavioral and 



Pha^acCoglca, effects of the amphetamines soogest that these dnugs 

Interact with a number of basic drive systems Includlnq arousal, hunger. 

and sleep. Finally, the structure-activity relationships of the amphet- 

annnes are most amenable to a variety of manipulations and Investl.af i„e 
Studies. 

- and Stimulatnru 

of Amphetamines . 

Pretreatment of rats with a dosage regimen of „HT (n-methyl tyrosine) 

a reduced brain levels of norepinephrine bv 40 i 4 u 

a slight anorectic 

ec , ut no effect on continuous avoidance responding. Such pretreat.ent 
had no effect op the anorectic action of a single dose (2 mg/hg) of 
d-amphetam,ne or methamphetamlne, but markedly reduced the Increased 
continuous avoidance responding usually evoked by those compounds. In 
contiast. similar pretreatment with uHT had no effect on the actions of 
benzphetamlne in either test system. (B-15) 

~ on P.l 

^^ili^'IELL0I L.and Avoidance Res ponriinq 
Pretreatment of rats with caffeine potentiated the actions of the 
P chloro and P-methyl-analogues of amphetamine and benzphetamlne as 
depressants of deprivation-induced food consumption, although no such 
ffects were seen with the unsubstituted compounds. Similar caffeine 
pretreatment completely antagonized the stimulant effect of d-amphetamlne 
Its p chloro analogue on continuous avoidance responding. In contrast, 
pre reatment with caffeine potentiated the ability of the p-methyl analogues 
Of amphetamine and benzphetamlne to decrease avoidance responding. 
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and converted the normally modest stimulatory action of benzphetamlne 
on avoidance responding to that of a depressant action. (B-18) 

Drug In teractions on Body Temperature Maintenance in the Mouse . 

Exposure of mice to an environmental temperature of 4® C leads to 
a loss of body temperature and death in 5-5 hours. Intraperitoneal 
Injection of water or solutions of d-amphetamine exacerbates this effect, 
while caffeine has a modest antagonistic action. The combination of 
d-amphetamine plus caffeine is synergistic; a rapid fall in body temper- 
ature causes death to occur in less than 3 hours of cold exposure. (C-5) 
Differential Effects of d- and 1 -Amphetamine on Spontaneous 
Motor Activity in Mice . 

The effects of single doses of d- and 1-amphetamine on motor activity 
in mice differed in both quantitative and qualitative aspects. At low 
doses (0,5 mg/kq, i.p.) and at high doses (8,0 mg/kg, i.p.) both isomers 
were stimulants of spontaneous motor activity, differing only in potency. 
However, at intermediate doses (2.0 - 4.0 mg/kq, i.p.) the 1 -isomer 
caused a significant depression of spontaneous motor activity, while 
the d-isomer was stimulatory. (A-14, B-9) 

Influence of Drugs Altering Brain Biogenic Amines on the Effects 
of Amphetamine Isomers on Locomotor Activity . 

In mice, doses of d-amphetamine of 1.0 or 4.0 mg/kg, i.p. both produced 
a markedly increased level of spontaneous motor activity. Pretreatment of 
the animals with aMT reduced the duration of the stimulatory effect while 
pretreatment with pargyline reduced the magnitude of the amphetamine effect 
Pretreatment with p-chlorophenylalanine reduced the stimulatory effect of 


the lower dose of d-amphetamine but increased the action of the hiqher 
dose. Pretreatment of the mice with reserpine amplified the stimulatory 
effects of d-amphetamine as compared to animals qiven only reserpine. 

Administration of a sinqle dose of 1.0 mg/kq of 1-amphetamine had 
only a transient depressant action on spontaneous motor activity in mice, 
while a larger dose (4.0 mg/kg, i.p.) caused a marked depression for 
30 minutes. These effects were not significantly changed by the aMT 
pretreatment but were altered by pretreatment with p-chlorophenyl alanine, 
pargyline, or reserpine. The results suggest actions of the amphetamine 
enantiomers occur through different biogenic amine systems. (A-14, C-6) 

5.6 Differential Pharmacology of Amphetamine Enantiomers . 

In rats, a single i.p. dose of 2.0 mg/kg of d-amphetamine induces 
a significant increase in navel spontaneous motor activity, while a similar 
dose of 1-amphetamine induces a decrease in that activity. Chronic pre- 
treatment with aMT blocks the stimulatory effect of the d-isomer blocks 
the stimulatory effect of the d-isomer but prolongs the depression induced 
by the 1-isomer. Chronic pretreatment with pargyline induces a depression 
of spontaneous motor activity that is qualitatively, but not quantitatively » 
reversed by d-amphetamine; the pargyline pretreatment has no effect on the 
depressant action of a subsequent dose of 1-amphetamine. Pretreatment with 
p-chlorophenyl alanine has no major influences on the stimulatory actions 
of d-amphetamine, but alters the magnitude and duration of the depressant 
actions of 1 -amphetamine. The results suggest that d-amphetam1ne influences 
only catecholaminergic systems while 1-amphetamine also influences seroton- 
ergic systems. (A-22,D-4) 
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^ biochemical studies of analogues to biologically active indole 

COMPOUNDS ^ 

The continuing interest of this laboratory in biologically active 
indole compounds and the key roles of tryptophan as an essential amino 
acid in mammalian nutrition, a key component in active protein molecules, 
and a precursor of the biogenic amines serotonin and melatonin, led to 
a number of studies of compounds structurally similar to tryptophan. 

In particular, this area of research was particularly fertile ground for 
studies of molecular structure relationships to biological activity, 
using the principles of selective molecular modifications. 

^ In. t.^stinal Transport of Tryptophan and Its Analogues . 

A comparative study of the intestinal transport of DL-tryptophan 
and its 1 -methyl indole and benzo[b]thiophene analogues was performed 
In .^ l . Ti^o , using the everted intestinal sac preparation of the rat and 
hamster. Both tryptophan and its benzo[b]thiophene analogue were actively 
transported by this preparation, while 1 -methyl tryptophan was not. The 
active transport of tryptophan was competitively inhibited by the benzo[b]- 
thiophene analogue, but not by 1 -methyl tryptophan, suggesting little or 
no interactions of the latter with the carrier process. The transport 
of tryptophan and its benzo[b]thiophene analogue was depressed by high 
concentrations of either compound (> in mM); all three amino acids produced 
subtle alterations in the barrier properties of the sacs as evidenced 
by increased diffusion rates observed for tetraethyl ammonium bromide . 

(A-8, B-14) 



6.2 Bioisosteric Inhibition of DOPA Decarboxyla^ . 

Using an in v itro test system of purified hog kidney aromatic-k-amino 
acid decarboxylase, the benzo[b]thiophene analogue of 5- hydroxy tryptophan 
was found to be an effective inhibitor of DOPA decarboxylation, with a 
potency almost twice that of a-methyl-DOPA. When administered to mice 
prior to a dose of labeled L-DOPA, the compound led to significantly 
elevated brain levels of DOPA. dopamine, and DOPA metabolites, suggesting 
that sufficient inhibition of peripheral decarboxylation had been achieved 
to effectively increase the amount of DOPA that entered the brain. (A-4, 

A-17, C-1) 

6.3 The Metabolic Fate of the Benzo[b 1 thiophene Analogue of . Trypt o£ h an 
in the Rat . 

In mammals, the amino acid tryptophan is metabolically degraded via 
a number of pathways, including decarboxylation, transamination, and 
ring cleavage via tryptophan pyrrolase. However, when the benzo[b]thio- 
phene analogue of tryptophan was administered to rats, no evidence was 
seen for decarboxylation or ring opening. Instead, > W of the excretion 
products could be identified as unchanged compound and the benzo[b]thlo- 
phene analogues of indole-3-lactic acid, indole-3-pyruvic acid, indole-3- 

acetic acid and indole-3-acetylglycine. (A-19, C-2) 

7.0 PHARMACOLOGICAL STUDIES OF ANALOGUES TO B IOIOOICALLY ACTIVF. IN DOiJ^ 

COMPOUNDS . 

Following the aspects of biologically active indole analogues discussed 
in 6.0 (above) studies have also been carried out of the comparative 


structure-activity relationships of analogues of tryptamine in various 
in vivo and In vitro systems containing responsive tryptamine receptors. 

The results obtained are compatible with a structural specificity for the 

unsubstituted indolic nitrogen. 

7 j Pressor Effects of Trvptamine Analogues, . 

Methylation of tryptamine in the l-posit1on had little effect on the 
potency of the drug as a pressor agent in the intact anesthetized rat, 
while the benzo[b]thiophene analogue of tryptamine had a markedly decreased 
pressor activity. Pretreatment of the animals vnth the a-sympatholytic 
agent, phenoxybenzamine, reduced the pressor effects of all three compounds. 

In contrast, pretreatment of the animals with reserpine reduced the pressor 
effects of tryptamine and its benzo[b]thiophene analogue, but increased the 

pressor effects of 1 -methyl tryptamine, (A-9, B-17), 

7.2 Contractile Responses to Tryptamine Analogu es in Isolated Smooth 

Muscle . 

Tryptamine and its benzo[b]thiophene and 1 -methyl indole analogues had 
a lower affinity for receptors in rat stomach fundus than did serotonin; 
the interaction between methysergide and serotonin in this system was 
competitive, while the interactions between methysergide and tryptamine 
and its analogues were noncompetitive. In contrast, the affinity of 
tryptamine and 1 -methyl tryptamine for receptors in rat aortic strips was 
greater than the affinity for serotonin; all compounds showed noncompetitive 
interactions with methysergide in this preparation. (A-21 , G-4) 

8.0 STUDIES IN CHEMICAL PHARMACOLOGY - DRUG DISPOSITION AMD DRUG METABOLISM . 

In the course of carrying out a coordinated program of studies in 
biochemical pharmacology, a number of occasions arise when studies of the 


physiological disposition and/or metabolic fate of chemical compounds 
is relevant to other aspects of the pharmacology of such substances, 

8.1 Inability of Rat Brain Homogenate to Oxidize Amphetamine . 

Incubation of rat brain homogenate with labeled amphetamine failed 

to produce any decrease in the amount of amphetamine or any significant 
metabolites. The conversion of neotetrazolium chloride to diformazan 
by the tissue extract occurred with or without the presence of amphetamine. 
It was concluded that the literature report on metabolism of amphetamine 
by brain homogenate in vitro was erroneous. (B-6) 

8.2 Metabolism of 3 -( 2 -Dimethylaminoeth.vl)benzo[blthioph ene la Mim 
and In Vivo in the Rat . 

The metabolism of 3 -( 2 -dimethylaminoethyl )benzo[b]thiophene has been 
studied in vivo and in vitro in rats. The results indicate the major 
pathways of metabolism to be 6-hydroxylation » N-dealkylation» and oxidation 
by monoamine oxidase. No evidence for sulfoxidation was found. Metabolites 
were identified by combinations of mass spectrometry, nuclear magnetic 
resonance spectroscopy, thin-layer chromatography, and liquid scintillation 
counting. (A-7, B-4) 

^3 Comparative Physiological Disposition of Melatonin and Its Benzo- 
[!b]thiophene Analogue in the Rat . 

Melatonin and its benzo[b]thiophene analog were labeled by acetylation 
of the corresponding 5-methoxyarylethylamines with tritiated acetic 
anhydride. The benzo[b]thiophene analogue had a much higher lipid solu- 
bility as measured by partition between neutral aqueous solution and 
organic solvents. When administered to rats, both compounds disappeared 


16 


from plasma and tissues by first-order decay. The dispositions were 
similar, with the higher lipid solubility of the benzo[b]thiophene analogue 
resulting in higher t1ssue:plasma ratios, especially in adipose tissue, 
kidney, and liver, and a longer half-life in plasma and tissues. (A-11, 

B-12) 

8.4 Physiological Disposition of Atropine in the Rat . 

The physiological disposition of atropine was studied in rats, using 
tritium-labeled drug and a specific assay method. At doses of 1.25 to 
10 mg/kg, i.p,, the greatest localization was seen in kidney and liver, 
with tissue:plasma ratios of > 10:1. Tissue half-lives over the period 
0.5-4 hours ranged from 40-46 minutes in plasma to 97-106 minutes in 
adipose tissue. (A-10, B-5) 

9.0 STUDIES IN TOXICOLOGY 

Another facet of an overall project in biochemical pharmacology involves 
the need for testing various compounds of interest for their toxicological 
profiles or examination of specific toxicological phenomena. In some cases, 
such studies yield significant data that has relevance in a much broader 
scope than merely descriptive characterization of a compound. 

9.1 Pharmacological and Toxicological Studies on 1 ,4-Butaned1ol . 

1 ,4-Butanediol is a widely used agent in the manufacture of a number of 

e 

polymeric materials. The LDg^ in rats was found to be 1328 mg/kg, i.p. 

The compound had a significant sedative effect at dosages > 300 mg/kg. 

Effects of the drug on spontaneous motor activity were biphasic; doses of 
50-200 mg/kg significantly reduced spontaneous motor activity, while doses 
> 300 mq/kg caused loss of the righting reflex. No increase in liver 



triglycerides was seen even after 14 days of dosage at 1000 mg/kg daily. 
(A-15, B-13) 

hi Hepatotoxic Effects of Iproniazid . 

Iproniazid represents a loss of monoamine oxidase inhibitors that are 
derivatives of hydrazine and thus have toxic biochemical effects by virtue 
of their ability to chemically react with carboxyl groups in the mammalian 
organism. Studies in mice chronically dosed with iproniazid indicated 
that significant strain differences exist with regard to the ability of 
the drug to influence liver triglycerides of animals on normal or pyri- 
doxine-deficient diets. The effects of acute iproniazid dosage in Swiss- 
Webster mice on a control diet were manifested by hypoglycemia; in animals 
on a pyridoxine-deficient diet, the drug induced both hyperglycemia and 
and hyperlipemia. In addition, the administration of tryptophan or its 
benzo[b]thiophene or 1 -methyl indole analogues to mice pretreatad with 
iproniazid led to a marked hepatotoxicity. (A-6, A-12, A-13, D-3) 

10.0 CHEMICAL METHODOLOGY 

In any project of this type, a variety of situations arise in which 
analytical or synthetic chemical methodology is required as a supportive 
effort. Several of these efforts resulted in significant productivity 
independent of, but related to, projects described elsewhere, 

^ 0"^ C arc inogenic 4-Hvdroxylaminoquinnl ine N-oxides . 

The mass spectra of carcinogenic 4-hydroxylaminoquino1 ine M-oxjde and 
some methyl substituted derivatives have been determined. Fragmentation 
of the parent compound proceeds from M to M-2, M-16 and M-17. The M and 
M-2 ions are particularly valuable. (B-1) 
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IQ . 2 Isotopic Procedures in Biomedical Analyses . 

The use of radioisotopes in analytical chemistry is widespread, 
although the applications to biomedical problems are somewhat limited. 

Of particular interest is the potential use of radiolabeled derivatizing 
agents to permit the quantitative estimation of submicrogram quantities 
of organic compounds in biological materials. Several examples may be 
cited: ( 1 ) the use of ^H-acetic anhydride to determine primary and 

secondary amines, and steroids; ( 2 ) C-methyl iodide to determine tertiary 
amines; and ( 3 ) determine 3 -ethoxy- 2 -ketobutyraldehydedithio- 

semicarbazone. In addition, enzymatic procedures utilizing transferase 
enzymes and ^‘^C-S-adenosylmethionine have been developed for the deter- 
mination of catecholamines. The potential applications of these approaches, 
using labeled derivatization reagents of classical semi-micro organic 
functional group analysis and/or purified transferase enzymes with labeled 
cofactors are an almost virgin field of research with tremendous potential. 
(A- 1 ) 

10.3 Physicochemical Properties of Renzo[b]thiophene and 1 -Methyl indole 
Analogues of Indolic Compounds of Biological Interest . 

Within a series of structures, i.e., indole, benzo[b]thiophene, 
1 -methylindole, lipid solubility was determined by the side chain, ranking 
in the order: -CH2CH2OH > -CH2CH2M(CH3)2 > -CH2CH2NH2 > -CH2COOH, -CH2CH- 

(NH 2 )C 00 H. Within a given series of constant side chains, i.e., -CH2CH2“ 

NH2. -CH2CH2N(CH3)2, -CH2CH(NH2(C0nH, or -CH2COOH, the lipid solubility 
ranked in the order; benzo[b]thiophene > 1 -methyl indole > indole. The 
influence of molecular alteration on pK^ values of the compounds are correlated 

a 



with lipid solubility, The results are significant in relation to the 
biological activities and physiological disposition of the various compounds. 
(A-5) 

10.4 Site-Specific Deuteration or Tritiation of Benzo[b]thiophene 
and 1 -Methyl indole Analogues of Biologically Active Indole 
Compounds . 

The site-specific deuteration and tritiation of 1 -methyl indole and 

benzo[b]thiophene analogues of biologically active indole derivatives 

has been achieved by the use of the facile metalation of these hetero- 

2 3 

cycles with n-butyllithium and subsequent reaction with H 2 O or H 2 O* 
Metallation occurs at the 2-position and site and extent of deuterium 
incorporation was determined by NMR. The use of similar procedures with 
3 

H 2 O led to ready incorporation of tritium Into these heterocycles. 

(A-3, B-2) 
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ABSTRACT 

The mass spectra of carcinogenic 4-hydroxyl ami noquinoline N-oxide and 
some methyl substituted derivatives have been determined. The diagnostic 
value of these fragments may be a facile means to study the metabolism and 
mechanism of carcinogenesis of these compounds. 

INTRODUCTION 

The known chemical carcinogens are composed of a multitude of structural 
types, including 4-nitroquinoline N-oxides. This class of chemical carcinogens, 
first prepared by Ochiai and co-wo^’kers (1943), was demonstrated to be 
carcinogenic by Nakahara et. , (1957). Following this demonstration of 

^ t 

carcinogenicity, a number of papers have appeared describing the physical, 
chemical, and spectral characteristics of 4-nitroquinoline N-oxide and its 
derivatives; this data and the mechanism of carcinogenicity has been summarized 
in a recent monograph (Endo et, 1971). 
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Sugimura et. (1966) demonstrated that mammalian cells metabolically 
transform 4-nitroquino1ine N-oxide to 4-hydroxylaminoquinol Ine N-oxide, a more 
potent carcinogenic moiety considered to be the proximate agent. In an earlier 
paper (Bosin and Maickel, 1972) we reported on the mass spectral fragmentation 
patterns produced by carcinogenic methyl substituted 4-nitroqui noline N-oxides. 
As a continuation of that problem, we now report the mass spectral fragmentation 
patterns produced by methyl substituted 4-hydroxylaminoquinol ine N-oxides. 

MATERIAL AND METHODS 

The structures of the compounds studied in this report are presented in 
Table 1. 



Substituent Position 

Ri 

R 2 

R 3 

R 4 

Rs 

R6 

Ring Position # 

2 

3 

5 

6 

7 

8 

Compound Name 

Compound # 







4-Hydroxyl ami noqui noli ne 








N-oxide 

I 

H 

H 

H 

H 

H 

H 

2-Methyl -I 

la 

CH 3 

H 

H 

H 

H 

H 

5-Methyl -I 

Ib 

H 

H 

CH 3 

H 

H 

H 

6 -Methyl -I 

Ic 

H 

H 

H 

CH 3 

H 

H 

7-Methyl -I 

Id 

H 

H 

H 

H 



CH 3 

H 
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The precursor methyl substituted 4-„ttroquinol1ne N-ox1des »ere prepared as 
previously described (Bosin and Matckel, 1972) and were reduced to the 
corresponding 4- hydroxyl ain1 no derivatives by known procedures (Kawaxoe 
and Tachlbana, 1967). Melting points were in agreement with those reported 
(Endo et. al, , 1971). Analytical purity was confirmed by thin-layer 
chromatography on silica gel G plates (Analtech. precoated, prescored, 
thickness 0.26 mm) using two solvent systems: methanol, and chloroform: 

methanol ( 1 ; 4 , V:V); visualization was accomplished by ultraviolet light 
(350 nm) or alkaline permanganate spray. 

The mass spectra were determined on Varian MAT CH-7 and AEI MS-9 
mass spectrometers at an ionizing potential of 70 ev. The direct probe 
method was used in all cases. 

RESULTS AND DISCUSSION 

Figure 1 gives the complete spectra and Table a selected ions of 4- 
hydroxylaminoquinoline N-oxide and some methyl substituted derivatives. 

The identification of the aromatic hydroxyl amine group by mass spectro- 
metry has been reported (Coutts and Mukherjee. 1970) and the diagnostic 
value of M. M-2, M-16, and M-17 emphasized. The diagnostic value of the 
ion, in the present case, is complicated by the possibility for loss of 
oxygen from both the N-oxide and the hydroxylamino groups. In the mass spectra 
of methyl substituted 4-hydroxylaminoquinol ine N-oxides. there is no M-17 
fragment, in contrast to simple aromatic hydroxyl amines and methyl substituted 
4-mtroquinoline N-oxides (Bosin and Maickel, 1972). in the latter case the 
M-17 ion was indicative of a methyl group adjacent to either the M-oxide or 
nitro group. Thus, for diagnostic purposes, the M and M-2 ions in combination 
with the select ions in Table 2 provide ready spectral characterization of these 
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Table 2 

Selected Ions of 4-Hydroxyl ami nogui noline N-oxIde Derivatives 


COMPOUND 

I 

la 

Ib 

Ic 

Id 

Fragment 


% 

Relative 

Intensity 


M 

16 

11 

71 

0 

13 

M-1 

20 

30 

19 

27 

38 

M-2 

30 

58 

17 

100 

71 

M-16 

35 

76 

38 

68 

68 

M-18 

28 

0 

53 

53 

36 

M-32 

18 

37 

43 

93 

62 

M-33 

0 

58 

45 

43 

25 

M-47 

29 

49 

36 

28 

54 

M-48 

61 

70 

48 

93 

89 

M-60 

62 

100 

17 

68 • 

100 

M-62 

35 

47 

40 

27 

46 

M-75 

67 

52 

40 

73 

89 

M-87 

75 

99 

17 

68 

66 

Base Peak, m/e 

75 

130 

155 

188 

130 


compounds. Figure 2 provides a proposed rationalization for the mass spectral 
fragmentation of Id via the M-2 pathway. 

This mass spectral characterization described should be applicable to 
further studies of the metabolism of methyl substituted 4-hydroxylamino- 
quinoline N-oxides in relation to their carcinogenic effects. 
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SUMMARY 

Ihe site-spec-Cfic deuteraiion and tritiation of 1 -methylindole 
and benzo[ b] ■'thiophene analogs of biologioally active indole deri- 
-vatives has been achieved by use of the facile metalation of 
these heterooyales with n-butyllithium and subsequent reaction 
with ^7/gO or Metalation occurs at the L-position and site 

and extent of deuteriim incorporation was determined by N.M.h. 

The use of similar procedures with led to ready incorporation 

of tritium into these heterocycles, 

I NTRODUCTION 

The demand for specifically labeled organic molecules has resulted in 
the development of selective procedures for the incorporation of deuterium 
C3), tritium (4). and carbon-14 (5) into organic compounds. Specifically, 
radiolabeled molecules are extensively used in mechanistic and biomedical 
research (6); in addition, the applicatuin of stable isotopically labeled 
molecules to metabolic studies has recently been described (7), 

As a result of our study of the chemical pharmacology of tryptophan 
and its isosteres, it became necessary to prepare suitably labeled 
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benzoLblthiophene and 1 -methyl indole analogs of biologically active indole 
derivatives. The method which was employed ptilizes the facile metalation 
of benzoth] thiophene ( 8 ) and 1 -methyl indole (9) with n-butyllithium and 
subsequent reaction with or ^HgO. Metalation has been shown ( 8 . 9 ) 
to occur at the 2 -position due to the inductive effect of the heteroatom. 

and IS therefore the active site for introduction of the deuterium or 
tritium atom. 

RESULTS AND DISCUSSIOM 
A. Exchange Studies Using Deuterium 

The general procedure for deuterium incorporation is as follows; 

The compound to be labeled was dissolved in dry. freshly distilled tetra- 
hydrofuran (THE) and the resultant solution cooled to QO for 1 -methyl- 
indole and -78° for benzo[b]thiophene derivatives. The reaction solution 
was treated With n-butyllithium and allowed to stir for 30-75 minutes at 
the low temperature prior to reaction with 2 H 2 O. The nmr spectra of 1-methyl- 
indole and benzo[b]thiophene derivatives possessed a characteristic absorption 
for the H -2 proton, and therefore, the decrease or loss of the H -2 absorption 
provided a ready means of determining the percent exchange. The compounds 
labeled in this study and the nmr data appear in Table I. 


Table I 

Compounds and Percent Exchange Based on NMR 






Compound 

Substituents 

NMR 

Data 

Name 

1 1 

6H-2I 

% H-2 
Exchanged 

3- (2-Ami noethyl )benzo[b]- 
thiophene 

S CH 2 CH 2 NH 2 

7.07 

80 

Benzo[b]thiophene-3-acetic 

acid 

s CHgCOOH 

7.26- 

7.48* 

70 
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CH2CH2N(CH3)2 7,10 100 

CH2CH2N(CH3)2 6.71 75 

* Thirproton7r;a’rt'of7^u^[?;ieT 

The exchange labeling of the sulfur analog of tryptamine (|) was 
complicated by Its extreme sensitivity to air. Preparation of the free 
base from its hydrochloride salt and subsequent handling under an inert 
atmosphere were required. 

The metalation of the sulfur analog of indole-3-acetic acid (II) 
with n-butyl lithium resulted in 70 % exchange of the H-2 proton and 35% 
exchange of the methylene protons. Increasing the molar ratio of n- 
butyllithium and/or the reaction time failed to significantly alter the 
extent of methylene proton exchange. 

In order to facilitate the exchange of the H-2 proton in the 1 -methyl - 
indole derivative (IV) it was necessary to elevate the reaction temperature 
to 0° and extend the reaction time to 75 minutes; further elevation of the 
reaction temperature or increase of the reaction time led to degradation 
of the compound. 

B- Exchange Studies Using Tritium 

The use of 3 H 2 O as the quenching agent for the metal a ted heterocycles 
allows for the facile preparation of specifically labeled compounds. The 
specific activities of the compounds so labeled appear in Table IJ. The 
chemical purity of each compound was demonstrated by thin-layer chromato- 
graphy using several different solvent systems and the radiochemical 
purity wa.s verified by radioscanning of the thin-layer plates. 


Ill 
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3-(2-Dimethylaminoethyl)- S 
benzo|.b] thiophene 

1 -Methyl -3- ( 2-di methyl am i no- N-CH, 

ethyl) indole 3 


S Thpcp i-i 
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Table II 

Specific Activity of Exchanged CoinpoundsS 
Compound No. Specific Activity (pCi/ramole) 

I SIB 

II 729 

III 431 

IV 176 

§ Reactions were run as per the experimental using 
3H20 (2 mCi/nvnole). 

Compound II was selected for a study of the effects of the volume and 
the specific activity of the quenching ^H 20 on the rate of tritium incor- 
poration. These data appear in Table HI. 

The study of the effect of 2 H 2 O volume used to quench 3.0 mmoles of 
base reveals the highest rate of tritium incorporation occurred when 1.5 
mmoles of and the lowest when 6.0 mmoles of 3 H 2 O Were used to quench 
the reaction. The decreased tritium incorporation observed upon utilization 
of excess may reflect a tritium isotope effect and/Pr the greater 

availability of vs. atoms. 


Table III 

Effects of Volume and Specific Activity of the Quenching ^H20s 


Volume full 

mmoles 

^H20 Specific 
Activity (mCi/mmole) 

Specific Activity 
of Compound II 




(mCi/mmolel 

27 

1.5 

2 

2.15 

54 

3.0 

2 

1.76 

108 

6.0 

2 

0.91 

27 

1.5 

10 

5.18 

27 

1.5 

20 

11.10 


S Reactions were run using 1.0 mmole of compound IT and 3.0 mmoles of 
n^-butyll jthium as per the experim.ental , 
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Th2 study of the effect of the specific activity of the quenching 
on the rate of tritium incorporation was undertaken using 1.5 nmoles 
of ^HgO. The rate of tritium incorporation was a linear function of 
the spec1-,Mr. activity of the BHgO. Studies are presently in progress to 
develop appropriate exchange procedures for heterocycles containing NH 
groups, i.e.. indole, imidazole, thiazole, etc., and should greatly 
extend the versatility of this method. 


EXPERIMENTAL 

Melting points were measured on a Mel-Temp capillary melting point 
apparatus. UV data were obtained on a Unicam SP1800 Ultraviolet Spectro- 
photometer and concentrations of solutions used in specific activity 
determinations were obtained via UV. Radioactivity was measured in a 
Packard Tri-Carb 4322 Liquid Scintillation System, using the scintillation 
solution described by Maickel , ^ ^ (10). spectra were run on a Varian 
Associates Model HA-100 spectrometer using deuterochloroform as the 
solvent and tetramethylsilane as the internal standard. Aromatic proton ' 
assignments wore made by analogy to compounds previously reported (11,12). 
One dimensional thin-layer chromatography was carried out on Analtech 
silica gel precoated plates (Analtech, Inc., Newark. Delaware). The 
solvent systems used in thin-layer chromatography were: A. methyl acetate- 
2-propano1-ammonia (45:35:20); B. chloroform-methanol-acetic acid (60: 

35:5); and C. methanol-anmonia (98.5:1,5). All thin-layer chromatograms 
were developed 12 cm and visualized with one or more of the following 
reagents (13): Van Urk reagent, alkaline potassium permanganate, ninhydrin. 
and iodine vapor. The developed thin-layer plates containing radioactive 
material were scanned on a Packard Model 7200 Radiochromatogram Scanner. 

All exchange reactions were conducted with oven-dried .glassware which 
was assembled and placed under a: continuous fiow of dry nitrogen gas, 
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prior to the introduction of any reaction component. 

3-(2-Aminoethy1)benzorb]thiophene-2-^H or (I). 3-(2-Amino- 

ethyl )benzo[b]thiophene hydrochloride (0.213 g, 1.0 mmole) was dissolved 
in IS ml of 1 NaOH and extracted with 2 x 25 ml of diethyl ether. The 
combined ether extracts were dried over anhydrous MgSO^j and the echer removed 
under reduced pressure. The free base was unstable in the atmosphere neces- 
sitating handling in an inert atmosphere. The free base was dissolved in 
60 ml of freshly distilled (from LiAlK4) THF, cooled to -78° in a CO2/ 
acetone bath, and treated with n^-butyl lithium (1.5 ml of a 2.5 M solution, 

3.75 mmoles). The solution was stirred for 30 min at -78° prior to quenching 
with either (0.1 ml, 5 mmoles) or 3H2O (0.1 m1 . 5,0 mmoles). The quenched 
reaction was dried with anhydrous MgSO^. The dried and filtered THF solution 
was treated with dry HCl gas to produce the amine hydrochloride. Recrystal- 
lization from methanol /ethyl acetate gave 0.176 g (83°/) of large colorless 
plates, m.p. 220-221°. TLC using solvent systems A, B, and C gave R^'s 
0.82, 0.59 and 0.24 respectively. Nmr of ^H-exchanged 1: 6 1.22-1.60 

(m, 2H, NH2). 2.97 (broad s, 4H. CHgCHg), 7.09 (s, 0.20H, H-2), 7.20-7.46 
(m. 2H, H-5,6), 7.62-7.90 (m, 2H, H-4,7), Using ^^ 2 ^ (99*) as the quench- 
ing agent gave 80* deuterium incorporation at the 2-position, while using 
^828 (2 mCi/mmole) gave a specific activity of 518 pCi/mmole. 

BenzQ[b3thiophene-2-^H or 3H-3-acetic acid. (II). Benzo[b]thiophene- 
3-acetic acid (0.192 g, 1.0 mmole) was dissolved in 60 ml of freshly distil- 
led (from LiAlH4) THF and the reaction vessel cooled to -78° in a COg/ 
acetone bath and treated with n- butyl lithium (1.28 ml of a 2.34 M solution, 

3.0 mmoles). The reaction was allowed to stir for 30 min at -78° and 
quenched with ^H20 (0.108 ml, 6.0 mmoles) or ^828 (0.108 ml, 6.0 mmoles). 

Upon removal of the THF under reduced pressure, the residue was dissolved 
in 20 ml of 1 N HCl and the aqueous phase extracted with 2 x 25 ml of ether. 
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Removal of the ether and recrystallization of the product from HgO gave 
0.155 (8U) of long colorless needles, m.p. 110-111°. TLC using solvent 
systems A and B gave R^'s 0.68 and 0.91 respectively. Nmr of ^H-exchanged 
II: 6 3.82 (s, 1.3H, CH^). 7.25-7.50 {m. 2.3H, H-2,5,6), 7.64-7.94 (m, 

2H. H-4,7), 11.50 (broad s, IH, OH). Using ^HgO (99«) as the quenching 
agent gave 70% deuterium incorporation at the 2-position and 35% incorpora- 
tion at the methylene position. Quenching with ^HgO (2 mCi/mmole) gave a 
specific activity of 719 pCi/mmole. 

3-(2-Dimethylaminoethyl )ben2orb]thiophene-2-^H or ^H. (III). 3-(2- 
Pimethylaminoethyl )benzo[b]thiophene (0.205 g, 1.0 mmole) was dissolved 
in 60 ml of freshly distilled (from UAIH4) THF and the reaction vessel was 
cooled to -78° in C02/acetone prior to treatment with n^-buty) lithium (T ml 
of 2.5 M solution, 2.5 mmoles). The reaction was allowed to stir for 30 
min at -780 before quenching with either (0.1 ml, 5 mmoles) or 
^H20 (0.1 ml, 5 mmoles). The THF was removed under reduced pressure, the 
free base was dissolved in 50 ml of diethyl ether and the ether dried over 
anhydrous MgSO^ prior to treatment with dry HCl gas to produce the hydro- 
chloride. Recrystallization of the hydrochloride from methanol/ethyl acetate 
gave 0.20 g (83%) of long colorless needles, m.p. 260-261°. TLC using 
solvent systems A, 8, and C gave R^'s 0.92, 0.42 and 0.36 respectively. 

Nmr of the ^H-exchanged HI; 4 2.31 (s, 6H, N(CH3)2), 2.52-2,76 (m. 2H, 
CH2N), 2.85-3.10 (m, 2H, ArCHg), 7.18-7.43 (m. 2H, H-5,6), 7,63-7.86 (m, 

2H, H-4,7). Using ^H20 (99%) as the quenching agent gave 100% deuterium 
incorporation at the 2-position, while using ^HgO (2 mCi/mmole) gave a 
specific activity of 431 pCi/mmole. 

l-Hethy1-3-(2-dimethylami noeth yl )indole-2-^H or^H. (IV). 1 -Methyl - 
3-(2-dimethylaminoethyl)indole (0.203 g, 1.0 mmole) was dissolved in 60 ml 
of freshly distilled (from LiAlH^) THF, was cooled to 0° in an ice bath, 
and treated with n-butyllithium (0.8 ml of 2,5 M solution, 2.0 mmoles). 
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The reaction was allowed to stir for 75 min at 0° prior to quenching 
with either (0.] ml. 5.0 ranoles), or 3 H 2 O (0,1 ml. 5.0 mmoles). The 

THF was removed under reduced pressure, the free base was dissolved In 50 ml 
of diethyl ether and the ether was dried over anhydrous MgS 04 prior to 
conversion to the hydrochloride with dry HCl gas. Recrystallization from 
ethanol/diethyl ether gave 0.176 (7«) of colorless needles, m.p. 169-1700. 
TLC using solvent system C gave R^ 0.31. Nmr of ^H-exchanged IV: 6 2.30 
(s. 6 H. N(CH 3 ) 2 ). 2.49-2.74 (m. 2H. CH 2 N). 2.80-3.Q4 (m. 2H, ArCH 2 ). 3-64 
( 8 , 3H, NCH 3 ). 6.80 (s. 0.25H. H-2). 6.97-7.26 (m. 3H. H-4,5.6). 7 . 49 - 
7.63 (m. IH. H-7). Using ^HgO (99X) as the quenching agent gave 75 ^ 
deuterium Incorporation at the 2-pos1tion. while using ^HgO (2 mC 1 /mmo 1 e) 
gave a specific activity of 176 ud/mmole. 
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Summary~The volume of water consumed in a 60 min period by rats deprived of water for 23 .hr 
was increased by a variety of sedative drugs such as barbiturates, glutethjmide, methaqualonc 
and methyprylon. The antipsychotic agent, promazine, decreased water consumption under 
similar conditions, while antianxiety agents such as chlordiazepoxide and meprobamate had a 
stimulatory effect similar to the barbiturates. The results may be significant in consideration of 
the use of liquid reinforcement in punishment attenuation studies, 


The role of central mechanisms in the control of fluid intake has been the subject of consider- 
able study, as evidenced by a number of symposia, reviews, and books (Miller, 1965; 
Grossman, 1967; Morgane, 1969). Previous work from this laboratory has demonstrated 
that a variety of cholinergic blocking agents, cholinergic stimulants, antihistamines and 
amphetamines all reduce deprivation-induced fluid consumption by rats (Gerald and 
Maickel, 1969; Maickel, Cox, Ksir, Snodgrass and Miller, 1970; Gerald and Maickel, 
1972; Maickel and Webb, 1972). In contrast to this diversity of pharmacological agents 
that reduce deprivation-induced water consumption, one specific group of drugs, the bar- 
biturates, have been shown to stimulate fluid intake by deprived rats (Schmidt, 1958, 
1969). In addition, several antianxiety agents have been reported to stimulate consumption 
of fluids that might be considered aversive in taste. For example Falk and Burnidge (1970) 
reported increased consumption of 1 5% saline solution by rats treated with chlordiaze- 
poxide. Similarly, Margules and Stein (1967) reported that oxazepam increased the 
consumption of milk made bitter-tasting by the addition of quinine. 

The present paper reports on the actions of various sedative-hypnotic drugs, both barbi- 
turate and nonbarbiturate, and several anlianxiety agents on deprivation-induced fluid con- 
sumption by rats. 

MATERIALS AND METHODS 

Adult (300-350 g) male, Sprague-Dawley rats (Murphy Breeding Laboratories, Plainfield, 
Indiana) were used in all experiments. The animals were maintained on tap water and Purina 
Rat Chow ad lib. for at least I week after arrival in the laboratory. All solutions for injec- 
tion were made in glass distilled water such that a dose volume of O-l ml per 100 g body 

♦Supported by USPHS grants MH-14658 and KO2MF-41083 (to R. P. Maickel) and by NASA grant NGL- 
1 5 “ 003 * 1 1 7 . 

fTaken in part from a thesis submitted by G. J. Maloney for the M.S. degree in Pharmacology, Indiana 
University, 1972. , 
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weight contained the desired dose; all injections were given intraperitoneally, 15 min prior 
to placing the animals in the drinking cages. 

The procedures used to measure deprivation-induced water consumption were basically 
those of Gerald and Maickel (1969). Rats were placed in cages, 7 x 7 x 14 inches, identi- 
cal to the home cages of the animals. The cages were suspended in individual compartments 
of a sound-proofed box with uniform fluorescent lighting. Constant circulation of air by 
blowers maintained uniform temperature in the compartments; the noise level of blowers 
served as a “white noise”. Each cage contained a drinking tube connected to an external 
50 ml buret filled with distilled water at the start of each test run and stoppered. As the 
animal consumed water, the change in volume was measured visually to the nearest 0-1 ml. 
The front door of each compartment was equipped with an eye-piece lens to permit visual 
observation of the rats without disturbing their behavioral performance. For at least 1 week 
prior to testing drug effects, rats were deprived of water daily for 23 hr prior to testing, then 
placed in the “drinking cages” and allowed to drink for 1 hr. Food was available adlib, in 
the home cages but was not available in the drinking cages. 

Drug trials were started only after the animals demonstrated stable baselines (less than 
5% daily variation) of water intake. The schedule for drug studies was arranged so that the 
rats were run daily, with drugs administered every fourth day, and placebo doses on the 
intervening days. Water intake was recorded at 15, 30 and 60 min of the consummatory 
sessions; the greatest proportion of drinking occurred in the first )5 min in all cases. 

Groups of 8 rats were run in each test system; an n of <8 rats indicates that a value or 
values was discarded because of equipment malfunction. All data are reported as mean 
± S.D. Statistical comparisons were carried out by the correlated /-test for paired scores. 
The day prior to each drug day was used as the pre-drug value for that drug run. Each 
animal served as its own control; per cent of pre-drug values are the mean of values calcu- 
lated for each animal. 

RESULTS 


Effects of barbiturates on deprivation-induced water consumption in rats 

T.he data in Table 1 indicate that the short-acting barbiturates, amobarbital, hexobarbital 
and methohexital, had no significant effect on the volume of water consumed by deprived 
rats, except for the highest dose of methohexital. With the longer-acting barbiturate, pheno- 
barbital, increased water consumption was observed at all dose levels, a finding similar to 
that previously reported for barbital (Maickel and Maloney, 1972). 

Effect of various sedative drugs on deprivation-induced water consumption 

The data in Table 2 are those obtained with three sedative drugs, glutethimide, methaqua- 
lone, and methyprylon as well as the antipsychotic agent, promazine. With the exception of 
the lowest doses of glutethimide and methyprylon, a significant elevation of water consump- 
tion was seen with all three sedatives. In contrast, promazine, at all three doses tested, 
produced a significant decrease in deprivation-induced water consumption, a finding that 
is in agreement with a previous publication from this laboratory (Maickel, Gerald, War- 
BURTON and Mah/U, 1968) examining .several phenothiazine tranquilizers. 
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Table J, Effects of barbiturates on deprivation-induced wafer consumption in 

rats 


Drug 

n 

Dose (i.p.) 

Volume consumed 

P 

(/imol/kg) 

Pre-drug 

(ml) 

Drug 

(ml) 

%of 

Pre-drug 

Amobarbital 

6 

19 

14-9 ± 1-6 

160 ±1-6 

109 ± 130 



8 

3-8 

16-2 ±3-9 

17-3 ±4-3 

108 ± 23-8 



8 

7-6 

10-5 ±3-4 

10-9 ± 3-4 

111 ±37-2 


Hcxobarbital 

8 

36 

12-5 ±21 

13-1 ±3-4 

105 ±20-9 



7 

7-2 

161 ±2T 

17-8 ±32 

109 ±17-4 



8 

14.4 

15-7 ±41 

16-8 ±3-9 

110± 15-4 


Methohexital 

8 

1-6 

11‘9±31 

140 ±42 

120 ±30-5 



8 

3-2 

13’9±3'2 

151 ±39 

109 ± 18-7 



8 

6-4 

12-7 ±2-9 

14'9±2-5 

121 ±23-2 

« 

Phenobarbital 

8 

1-95 

14-7 ± 2-5 

18-7 ±2“5 

129± 19-8 

* 


8 

3-9 

13-5 ± 1-6 

18-3 ±3-3 

137 ±24 6 

* 


8 

7-8 

:2-9± 1-9 

20 0 ± 3-3 

158 ±38-8 

* 


8 

156 

11-2 ±2-5 

18-6 ± 1-8 

172 ±40-5 

* 


Anirnals were treated as described in Materials and Methods section; drug was 
administered 15 min prior to start of drinking session. Results are expressed as 
mean ±S.D, of the values obtained. Statistical comparisons were made by the 
correlated /-test for paired scores; significant differences from the corresponding 
pre-drug values (F< 0 05) are indicated by.* 


Table 2. Effects of various sedative drugs on deprivation-induced water con- 
sumption in rats 


Dose (i.p.) Volume consumed 


Drug 

n 

(/rmol/kg) 

Pre-drug 

(ml) 

Drug 

(ml) 

%of 

Pre-drug 

F 

Glulelhimide 

7 

4-6 

15-8 ± 2-6 

15-4 ±2-2 

99±]13 



8 

92 

124± 15 

15-0 ±3-9 

121 ±26-3 

* 


8 

18-4 

13-3 ±3-4 

15’6±3'4 

121 ±21-4 

* 

Methaqualone 

8 

2-0 

151 i; 2-3 

17'1±7'8 

116± 20-1 

<• 


8 

40 

14-3 ± 2-7 

18-5±l-6 

134 ±23-1 

* 

Methyprylon 

8 

2-7 

)2-4±2-l 

13-2 ±H 

109 ± 19-7 



8 

5-4 

11-8 ±2-8 

15-2 ±3-1 

142 ±37-3 

• 


7 

10.8 

12-4 ±22 

16-2 ±3-2 

133 ±26-4 


Promazine 

7 

0-78 

151 ±3-1 

12-9 ±3-7 

85 ± 16-4 



8 

1-56 

10-2 ± 3-1 

8-1 ± 2-8 

47 :L- 14-7 



8 

3 1 

14-4 ±3-3 

6-3 ± 3-7 

40 ± 24-7 



Animals were treated as described in Materials and Methods section; drug was 
administered 15 miin prior to start of drinking session. Results are expressed as 
mean ±S.D, of (he values obtained. Statistical comparisons were made by the 
correlated /-test for paired scores ; significant differences from the corresponding 
pre-drug values (P< 0 05) are indicated by.* 
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Effect of various anlianxiety drugs on deprivation induced water consumption 

In Table 3 arc presented the data obtained when chlordiazepoxide, diazepam, and mepro- 
bamate were administered to deprived rats prior to the start of the drinking session. Except 
for the lowest dose of meprobamate, significant increases in water consumption were 

observed in all test situations. 


Table 3. EffecI of antianxiety drugs on deprivation-induced water consumption 

in rats 




Dose (i.p.) 

Volume consumed 


Drug 

n 

(mol/kg) 

Pre-drug 

Drug 

%of 

P 


(ml) 

(ml) 

Pre-drug 


Chlordiazepoxide 

8 

8 

M 

2-2 

13 1±24 
10-7 ±2-2 

16-4 ±2-8 
15-5 ±1-2 

125 ±151 
150 ±29-3 



8 

4.4 

12-5 ± 2-9 

18-5 ±2-5 

152±3 M 

• 

Diazepam 

8 

8 

1-8 

3-6 

14-3 ±31 
14-2 ±21 

18- 4 ±3-5 

19- 9 ± 3-5 

133 ± 30-6 
136 ±32-7 

• 


7 

7-2 

12-5 ±1-9 

18-7 ±3-2 

151 ±260 


Meprobamate 

8 

8 

9-2 

18-4 

12-6 ±2-2 
13-4 ±2-3 

13-4 ± 3-4 
16-7 ±3-5 

106 ± 18-5 
124 ± 17-7 

* 

Hi 


8 

36-8 

10 6 ±2-5 

13-7 ±30 

132 ±21-7 



Animals were treated as described in Materials and Methods section , drug was 
administered 1 5 min prior to start of drinking session. Results are expressed m 
mean S D. of the values obtained. Statistical comparisons were made by the 
correlaTcd t-test for paired scores; significant differences from the corresponding 
pre-drug values (F < 0 05) are indicated by.» 

A comparison of the slopes of the dose-response curves for all the drugs tested is seen in 
Table 4. The slopes of chlordiazepoxide, phenobarbital, melhyprylon, and meprobamate 
are similar as arc those of diazepam and glutethimide. Promazine is dissimilar to all others 
in sign since it causes a reduction in fluid intake, while amobarbifal, hexobarbital and metho- 
hexital did not yield dose-response curves. 


Table 4. Slopes of dose response 
plots of drug effects on fluid 
consumption 


Compound 

Slope 

~ 

Amobarbital 

3-4 

064 

Chlordiazepoxide 

43-4 

0-90 

Diazepam 

29-9 

0 93 

Glutethimide 

36-5 

0-87 

Hexobarbital 

8-3 

0-94 

Meprobamate 

430 

098 

Methaqualonc 

28-2 

0 99 

Methohcxital 

1-7 

008 

Methyprylon 

35-4 

0 67 

Phenobarbital 

49-8 

0-99 

Promazine 

74-7 

0-93 
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DISCUSSION 

In many reports of the effects of sedative drugs on fluid consumption, a lack of standard- 
ization of procedures, dose schedules, and thirst-inducing stimuli has made comparisons 
dilTicuU. In the present study, the stimulus was constant (23 hr deprivation of fluids), the 
pretreatment time was constant (15 min), all drugs were studied in dose-response schedules, 
and all experiments were run at the same time of day to minimize the effects of circadian 
rhythm variables. 

The results obtained are consistent with the hypothesis that sedative-hypnotics and anti- 
anxiety agents stimulate water consumption in deprived rats. The sedative action of the 
barbiturates cannot be responsible for this phenomena since promazine, like other pheno- 
thiazine tranquilizers (Maickel el al., 1968) decreases fluid consumption in a similar test 
system. In addition, previous work from this laboratory has demonstrated that antihist- 
amines, despite their having sedative actions in humans, also reduce fluid intake in a similar 
test system (Gerald and Maickel, 1972) 

In a recent publication (Maickel and Maloney, 1972) we have shown that careful atten- 
tion must be paid to time- and dose-response characteristics in order to separate the sedative 
and dipsogenic actions of barbital. Such restriction hold true for all sedative drugs; the 
depressed animal may not be able to drink even though the thirst drive is present. In this 
regard, the use of combination test system such as actophotometers and water consumption 
tests (Maickel and Maloney, 1972) may be a requisite for suitable interpretation of the 
data obtained, 

The implications of the findings reported in the present manuscript towards the mode of 
action of antianxiety drugs merits special attention. According to the hypothesis of Geller 
(Geller and Leifter, 1960, 1962; Geller, Hulak and Leifter, 1962), the responsiveness 
of rats on a bar pressing schedule for fluid reinforcement is suppressed by punishment. 
Administration of cfilordiazepoxide, meprobamate, or phenobarbital increases the rate of 
responding during the punished period, leading to the interpretation that these drugs have 
abolished the effect of punishment. In view of the present findings demonstrating the 
increased water intake in response to these drugs, one must pose the question of whether this 
dipsogenic action is sufficient to “override” the inhibition of behavior due to punishment. 
In view of evidence in the literature on increased food consumption elicited by sedative 
drugs (Randam-, Schallek, Heise, Keith and Bagdon, 1960; Opitz and Akinlaja, 1966) 
and the present findings on fluid consuniption, the possibility of a motivational component 
in the explanation of consummatory behavior suppressed by punishment should receive 
further study. 
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METABOLISM OF 

3-|2-DIMETHYLAMINOETHYL)BENZO|b|THIOPHENE 
//V VtTRO AND //V VIVO IN THE RAT 
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ABSTRACT 

The metabolism of 3-(2-difiiethylaminoefhyl)benzo|b|thiophene has been studied in vivo and in 
Vitro in rats. The results indicate the major pathways of metabolism to be 6-hydroxylation. 
N-dealkylatlon, and oxidation by monoamine oxidase No evidence (or sulfoxidation was obtained 
Metabolites were identified by combinations of mass spectrometry, nuclear magnetic resonance 
spectroscopy, thin-layer chromatography, and liquid scintillation counting 


Benzo[bjthiophene derivatives constitute a 
growing class of biologically active compounds (1 ). 
Despite the large number of bcn/o[bJthiophcne 
derivative.s thal have beeti synthesired, metabolic 
studies have been reported for only one compound. 
4-ben/o[b]thiophene melhylcarbamate. a pesti- 
cide, in the rat (2), and in dairy goats and a 
lactating cow (3), Of particular interest was the 
identification, by infrared spectroscopic tech- 
niques, of benzo[b]lhienyl-4-sulfate-l-o,xide, as a 
urinary metabolite in the goal and cow (3). 

Continuing interest in the biochemical pharma- 
cology of benzolbjthiophene derivatives has led 
this laboratory to investigate several compounds 
analogous to biologically active indoles (4 9). No 
information is available on the metabolism of 
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3-.substituted bcnzolblthiophcnes, -and bccau.se 
many ol the n-aturully occurring indoles of phar- 
macological inlcre.st arc 3-Nubslitutcd derivatives, 
3-(2-dimelhylaniinoethyl)ben/o|b)thiophcne (I), 
the ben/.o(b]thiophcne analog of N . N-dimelhyl- 
Iryplamine (DMT), wa.s chosen a.s a model com- 
pound for Ihc present study. 


n-if 


ni, 


I 


In view of (he reported sulfoxidation of 4-ben- 
7.o[bJthiophenc methyl carbamate (2, 3), it was of 
intere.st to determine whether I might undergo 
sulfo.xidation. Other metabolic pathway.s for I 
might be predicted on the basis of the structural 
analogy between I and DMT.'' Metabolites of 
DMT result from N-dealkylation. N-oxidatlon, 
aromatic hydroxylation. and o-xidative deamina- 
tion (10, II). .laccarini and Jepson (12) reported 
that the positional specificity of indole hydroxyla- 
tion by liver microsomal enzymes wa.s the same 
regardless of substrate, species, or attempted in- 
duction. The 6-hydrox\ derivative was the only 
hydroxylated product formed. When incubated 
with the lO.OOOg supernatant fraction of rat liver 
hoinogenale (no pretreatment w'ith inducing 
agent), DMT was found to yield 1.5 gmol of 
6-hydrdxy-DMT per g of liver per hr (12). 

"The abbieviations used are DMT. N.N dimethyltrypta- 
mine: NMR, nuclear magnetic lesonance. TLC. thin-layer 
chromatography. 
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Wc report here the idenlirication of metabolites 
of I by high resolution NMR and mass spectrome- 
try. The quantitative metabolic profile of I is 
presented in viiru and iH t'/vo in the rat, 

Maiirials and Methods 

Liver samples vsere obtained from adult male 
Sprague-Dawley rats. 300-400 g (Murphv Breeding 
Laboratories. Plainfield. Ind,). Rats v.erc fasted over- 
night before use. 

The following compounds were gcncrou.sly supplied by 
Dr. E. E. Cumpaigne. Department oi Chemistry. Indiana 
University. Bloomington. Ind.; 3-(2-dimclhylamino- 
ethyl)benzo[b]thiophcne hydrochloride, 3-(2-methyl- 
aminoclhyl)benzo|b]thiophene hydrochloride, benzolb]- 
thiophene-3-acetic acid, 3-(2-hydroxyethyl)benzolb)thio- 
phenc, and 5-hydroxy-3-(2-dimcthylaminoethyl)benzo- 
lb)thiophene picrale. 2-Tritio-3-(2-dimethylamino- 
cthyDben/olblthiophene hydrochloride, 8.9 mCi/mmol, 
was prepared by the method of Bosin and Rogers (13). 
The radiochemical purity of this compound was shown 
by thin-layer chromatography to be greater than 99.5%. 

Liver Microsomal Incubation. Preliminary studies 
were performed with the crude microsomal fraci'On of 
rat liver prepared and incubated by the method of Mazel 
(14). Optimum conditions for the microsomal f-h.vdrox- 
ylation of indolealkylamines in vitro were established by 
Jaccarini and Jcpson (12); these condition.', were em- 
ployed in all experiments performed for the purpose of 
quantitating metabolites. Appropriate buffers (12, 14) 
were prepared according to Sluuff and Jaenicke ( 15). All 
experiments employed the lO.OOOg supernatant fraction 
of rat liver homogenate. Centrifugation was carried out 
at 5°C for 20 min in an I EC model B-20 refrigerated 
centrifuge. Incubations were carried out in 25-ml glass 
vials at 37“C with an Aminco-Dubnoff shaking incubator 
operated at 125 cpm. Reactions were terminated after 1 
hr by immersing the vials in a Dry Ice-acetonc bath. 

Isulaiinn of Metabolites. For preliminary TLC studies. 
0.5- 1.0 ml of incubation mixture. pH 7.2, was added to a 
glass-stoppered l5-ml centrifuge tube containing 6.0 ml 
of ethyl ether. Sufficient solid NaCl was added to 
saturate the aqueous phase. Tubes were mechanically 
shaken for 10 min and centrifuged for 10 min. The ether 
ptia.se was then transferred to a disposable culture tube 
from which the ether was evaporated under a stream of 
N». The residue was taken up in methanol and subjected 
to TLC on Silica Gel G plates (Anallech, prccoaled. 
prescored Uniplate: 0.25-mm thickness) in one or more 
of the following solvent systems; A, chloroform/ 
metbanol/acetic add (60; 35: 5): B, mclhanol/ammonia 
(50:0.75): C, methyl acetale/isopropanol/ammonia 
(45:35:20). A spray of 1% potassium permanganate in 
5% aqueous sodium carbonate was employed for visuali- 
zation. 

To obtain a given metabolite in a quantity sufficient 
for spectroscopic study, 2.0 ml of incubation mixture 
were added to each of at least 30 60-ml glass-sfoppered 


tubes containing 25 ml of etlul ether and surficicm .solid 
NaCI 111 saturate the aqueous pha.se. Amines were 
extracted after adjustment of the aqueous phase to pH 1 1 
with solid NajCOj. Acids were extracted after adjust- 
ment of the aqueous phase to pH I with 0.5 ml of 5 N 
HCI. After shaking and centrifugation, the pooled ether 
exiraci.s were evaporated under reduced pressure, The 
residue was taken up as an aqueous solution at appropri- 
ate pH (pH I for an amine, pH II for an acid), 
transferred to a 60-ml glass-stoppered tube, diluted to a 
final volume of 6 ml, and washed with 2- 3 lO-m! portions 
ofbenzenc The aqueous phase was then adjusted to pH 7 
with solid Na,COs or 0.5 N HCI as appropriate, 
saturated with NaCt. shaken with 30 ml of ethyl ether, 
and centrifuged. The ether was evaporated, and the 
residue was taken up in methanol. This methanolic 
solution was applied, by means of a I -ml glass syringe 
and 30-gauge hypodermic needle, as a streak to a Silica 
Gel H (Brinkmtinn) layer (20 x 20 cm. 0.75-mm 
thickness), which was then developed in one of the three 
solvent .systems described above. A band of silica gel at 
an appropriate Rf was scraped into a sintered glass filter 
funnel and washed with 0.5 N HCI if the metabolite was 
an amine or 0.2 N NaOH if the mclaholite was an add. 
The filtrate was adjusted to pH 7, saturated with NaCI, 
shaken with at least 2 volumes of ethyl ether, and 
centrifuged. The ether phase was transferred to a dean 
sample vial and evuporaled. The residue was then 
e*;;mined by NMR and/or mass spectrometry. NMR 
speeira. 220 MHz, were obtained using a Varian HR-220 
NMR spectrometer and. when necessary, were lime- 
averaged with a Nicolct Instrument Corp. 1080 com- 
puter. Mass spectra were obtained using a Varian Mat 
CH7 mass spectrometer using an ion current of 70 eV. 

Quantitation of Metabolites, (2-’H]3-(2-Dimeth- 
ylaminoelhyl)benzolb]thiophenc was used, Radioactiv- 
ity was measured in a Packard Tri-Carb model 2425 
liquid scintillation spedromelcr, with polyethylene vials 
and a scintillation medium consisting of 14 g of 2,5-bis- 
l2-(5-(err-butylbenzilxazoly!)jihiophene and 280 g of 
naphthalene in a mixture of 2100 ml of toluene and 1400 
ml of ethylene glycol monomethyl ether. A counting 
system of 15 ml oflhis medium, 0.5 ml of 0.5 N HCl, and 
silica gel {vide infra) was used for these determinations. 
A 4-yil (Drummond Microcap) aliquot of incubation 
mixture or urine was applied to a Silica Gel G (Brink- 
manh) layer (20 x 20 cm, 0.50-mm thickness). The 
chromatogram was developed in either one or two 
dimensions, as appropriate, with one or more of the three 
solvent systems already described. The layer was then 
divided into I x l-ctn squares, and each square was 
scraped into a polyethylene counting vial. To each vial 
was then added 0.5 ml of 0.5 N HCL and after thorough 
mixing the counting sy.stchi was completed with 15 ml of 
scintillation medium as described above. This .system 
gives 24% efficiency for tritium with a background of 19 
cpm. Results for this procedure allow the construction of 
two- and three-dimensional histograms for graphic pres- 
entation of the quantitative metabolic profile. Recovery 
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of lubtflcd uiiiipiiunds iticubutcd in Uil‘ iilKcncc ol tissue 
or in the prcsenee of boiled tissue was > yt)'. on a bO-niin 
incubation, lollowed b> extraction and 1 LI as described 
abose 

Radiochriiniutu(>ram Stanninu and Ihin-l.a.uT Auto- 
radioi’raph). When sulTicicnt radio.iciiviis was present, 
the location ol 'll mclaholiles (>ii lhiri-la>er chioniato- 
prams (Silica Gel G. Brinkmanri NM-Pol>pram. pre- 
coaled plastic sheets 5 > 20 cm. 0,25-tnni laser thick- 
ness) was deteriiitned using a Packard model 72(K) 
radiuchromatogiaiii scanner. Thin-la\er autoradiocrams 
were produced hs exposing chronialogruins to Kodak 
RP Rosal .X-Oiiiat medical X-ras film for 4 weeks 
Pilms were processed iri a Kodak .X-Oniat processor 

In i no .Melabolisni, In a typical experiment, a rat vras 
Injected with ’H-l (.20 mg/kg and 12.2 gCi/kg ip) and 
placed in a metabolism cage (Marxiand Plastics. New 
York. N.Y.) for collection of urine and feces, At .2. 24. 
48. 72. and 96 hr after Injection, urine was collected and 
stored under toluene at 5°C. and feces were collected and 
frozen. The animal was kilted and exsanguinated, and 
samples of plasma, liver, kidney, and brain were col- 
lected and frozen. 

The volumes of the Urine and toluene pha.ses were 
measured. Duplicate aliquots (0.1 ml) of each toluene 
phase were counted directly. Duplicate aliquots (0.1 ml) 
of each urine phase were digested by the perchloric acid 
method of Kobayashi and Maudsley (|6) before count- 
ing. 

The total feces collected were homogenized in 200 ml 
of 0.5 N HCI Duplicate aliquots (1.0 ml) were digested 
with perchloric acid (16). and 0.4 ml of each digc.sl W'as 
counted 

Tissues were homogenized in ,2 volume's ofO, I N HCI. 
Duplicate aliquots (0.1 ml) of each homogenate were 
digested with perchloric acid (16) and counted. 

Urine was e.xamined by two methods for the presence 
of radioactivity. Aliquots (5.0 ml) of urine at pH I (I.O 
ml of 5 N HCI added) and pH 1 1 (solid NujCO, added) 
were saturated with solid NaCI and shaken with 30 ml of 
ethyl ether in a 6()-ml gla.ss-stoppered tube. After centrif- 
ugation, the ether pha.ses were transferred tu disposable 
culture tubes, and the ether was evaporated, The residue 
was taken up in melhatiol and chromatographed on a 
Silica Gel G (Brinkmahn thin layer 0.25 mm). The 
chromalogram was then scanned for radioactivity. 

A second method entailed the application of 4 gl of 
whole urine to a Silica Gel G (Brinkmann) layer (0..20 
mm). After development in sobent system A. a histo- 
gram was produced as de.scribed earlier. 

HesuNs 


two amines. 'I l.C' di.tiacieristics of in ninj metab- 
olilc.s ol I arc presen , d in table 1 

Prepuratixe TL( i" solvent system A yielded 
approxitnalely I mu >i| the mumr amine metabolite 
from an exiraci ol the incubation mixture A 
lime-averaged 200-xlHz NMR spectrum ol the 
meiabuhle was obtained, and the aromatic region 
is presented in lig. I The spectrum shows that 
cither the .2- or the 6-prolon of I has been replaced. 
If one compares this spectrum with the same 
region Irom that of the bcnzolbjlhionhene analog 
of bulolenme. ."-liydroxy-3-(2-dimethx lamino- 
cthyDbcnzolbjthiophene (17). shown in Fig. 2, a 
siriking dillerence is apparent. The chemical 
.shifts of the 2-prolons are quile dis.simikir, lead- 
ing lo the conclusion that the amine metabolite in 
question is a 6-.subsliiuted-3-(2-dimethvlamino- 
elhyI)hen/o[b]thiophenc. The possibility of 4- or 
7-substituiion was ruled out after a eonsideralion 
of the aromatic splitting pattern. 4-Hydro.xyla- 
tion for example, a.s seen in the spectrum of the 
benzQ[b]thiophcne analog of psilocin (18). does 
not give rise to the well resolved mulliplel.s that 
occur in a .2- or ('-.substituted benzo[bJthiophene. 
The mass .spectrum of this sample is presented in 
(ig. 3. It exhibits a molecular ion ni/e 221. in- 
dicating that the ineiabolile represents the incor- 
poration of an oxygen atom into the parent com- 
pound. FTagmelits ni/c 162 and m/e 91 are at- 
tributable to this metabolite, but the sample was 
not sullicicnt to yield a spectrum upon which a 
meaningful interpretation of mass fragmentation 
could be ba.sed. This evidence does, however, sup- 

TaBLE 1 

TLC choractenstics oj in vitro metabolites of 

3-(.2-ilimetkvhiminoethyl)henzo\b]ihiophene 


Compound 

Rr' 

A 

B 

C 

3-(2-bimclhy laminocthyPbenzo- 

0,38 

0.50 


lbjthiophcne'' 




6-Mvdroxy-3.(3-dimclhylamino- 

0.20 

0.42 


elhy i)ben/o|bJlhiuphene' 




3-(2-Methy laminoethyni'cnza- 

0.43 

0.29 



lbjthiophene'’ 




Benzo|b]lhiophene-3-aeelie acid' 

0,62 

0.45 

0,47 


IdentificaJion of ihe in Vitro Mclabolites of 
3-( 2-Oinicthy laminucthyl lbenzo| bjthiophenc ( I ). 

The presence of amine tnelaboiites vvas demon- 
strated w ithout the aid of ^Fl-I. E.xlraction of the 
incubation mixture at pH I. 7. and 1 1 followed by 
Tie examination of the organic phase revealed 


“A. chloroform/mcthanol/acctic acid (60:35:5); B, 
methanol/ammonia (50:0.75); C. methyl acctalc/iso- 
propiinol/ammonia (42;35; 20 ) 

" Determined on Silica Gel G (Analluch), 

' Determined on Silica Gel G f Brmkmannl; authentic 
sample was mixed with extract of ineubaliim mixture 
before chromatography. 
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HO 



O A 

^ c ^ r 


s CHj CHj 




Solvent' CDCl 

Solvent. CDCl,. .ntervul ref.; Ir.methyl.sHvl; No. of .scans; I. Chemical .shifts of aromatic nr;,„ns../n 


4 


table 4. 


aromatic protons are presented in 


port the conclusion that the major amine melabo- Trrs,^ \ ^ A . 

"» of > a 6-hvdr„,v.3,2-diL.hv" ™Chvl, »«-* 

benzoibjthiophene. ' 

-fu^ ■ . • rnixtiircs vicldcd tl sumiilc ofmus*» *in*ij\- 

e second ammemelabolitewa.s well .separated sis, .Spectral data were con.sLstVnt with 3-{2^ - 
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Fic. 3. Mass sfieciruttt of 6-hydroxy-3-{2 ■dii)ieih\ tantin()cihyl)hetizv\b]thiophene. 
This sample was obtained from a liver incubation mixture. 


methylaniinoelhyl)benzolb]lhiophene. This con- 
clusion was confirmed by chromatographic and 
spectroscopic comparison of synthetic 3-(2- 
methylaminoethvDbetizolbJthiophene with the in- 
cubation mi.xture. 

When ®H-I was incubated with the lO.OOOg 
supernatant fraction of rat liver homogenate, 
radiochromatogrum scans and thin-layer autoradi- 
ography revealed the pre.sence of one acidic and 
one neutral metabolite. The mass spectra of these 
metabolites were consistent with benzo(b]thio- 
phene-3-acetic acid and 3-(2-hydro.x>elhyl)hen- 
zolbjthiophene. These conclusions were confirmed 
by comparison with authentic samples. 

Quantitation of the in Vitro Metabolites of ^H-l. 
The radioactivity present in a given incubation 
vessel was determined by digesting duplicate ali- 
quots (0.1 ml) of incubation mixture with per- 
chloric acid as described in Materials and Methods 
and counting. Aliquots of incubation mixture were 
diluted with water and subjected to fractional 
distillation to show that the tritium label was 
biologically and chemically stable. An aliquot (4 
gl) of incubation mixture was then chromato- 
graphed in two dimensions, first in solvent system 
A, and then in solvent system B after rotation of 
the plate through a 90° angle. Histogram analysis 
of this chromatogram provided a direct determina- 
tion of the amount of each metabolite produced. 
The results are presented in table 2. It was found 
(hat greater than 99% of the radioactivity applied 
to the plate was recovered irt foUr spots. 

Metabolism of in Vivo. The urinary excre- 
tion of radioactivity after an ip injection of ^H-l 
(30 mg/ kg and 125 gCi/kg) in the rat is presented 


TABLE 2 
Production of 

\2-'‘H]3-{2-dimethylauiinoethyDhen:o\h]ihiuphene 

nietaholiies in vitro 

jimol 

Compound Ptnducl'Vp I’crCcnl' 

L ivvr/hr 

T(;-l:)ini<;tli>limiini)tlhjllbeni'o- — 82. .s 

|h|thiophcnc 

6-H\drox\-.1-(2-dirT)clhvlamim)' 2..t 8..s 

elhjl)hcn/o|b|lhiophent 

3-(2-Melhylamlmieih>nhcrtzo- 1.3 48 

(bjlhlophene 

Bcn?olb]lhiophene-3-acctic l.l 42 

acid 


“ Bused on 10 pmol of suhsinilc: not corrected Tor recovery. 
'■ Percentage of total radioactivity present. 

TABLE 3 


L’rinarv excretion of radioactivity a/ier ip adminisiratiun 
oj [2-'^H]3-[2-dUiieth\iaminoethyl)benzo[b\thiophene in 
the rat 


Time 

Urinary Radioactivity 

hr 

dpm/mt X 10^ 

5 

473 

24 

.'164 

48 

14 

72 

8 

96 

7 


in table 3. Urine was collected under toluene, and 
the possible loss of’H metabolites into the toluene 
was considered. The data indicate that 45% of the 
injected do.se was excreted in the urine in 96 hr. 
From data derived as described in Materials and 
Methods, it was determined that 2% of the injected 
dose was excreted in the feces in 96 hr. An 
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cxnminution of brain, liver, kidnev. and pl.isma at 
9() hr failed to reveal a concentration of radioactiv- 
ity in these tissue.s. Radioactivity was unilormly 
distributed in brain, livef, and kidney to the extent 
of 13 V lO’ dpm/a. whereas the plasma level was 
6800 dpm/ml. 

Radiochromatogram scans of urine extracts 
showed that although no radioactivity was ex- 
tracted from pH 1 1 into ether, extraction from pH 
I yielded a single acidic metabolite. Its chromato- 
graphic characteristics, based upon previous expe- 
rience with benzo(bJthiophene-3-acetic acid in vi- 
tro. suggested that the major in vivo metabolite 
was identical to the minor acidic metabolite pro- 
duced in vitro. TLC comparison in all three solvent 
systems (A. B. and G) confitmed the identity of the 
urinary acid as benzo[b]thiophene-3-acetic acid. 
Histogram analysis of whole urine confirmed the 
presence of [2-^HIbenzolb]lhiophene-3-acetic acid 
as the major metabolite. The Rr by histogram was 
identical to that obtained by a radiochromatogram 
scan. 

As de.scribed earlier, urine was collected under 
toluene, and in the first 5 hr of collection. 4% of the 
excreted radioactivity was found in the toluene. 
TLC examination of this toluene fraction revealed 
the presence of (2-°H]-6-hydroxy-l. It accounts for 
0.1% of the total radioactivity excreted in 96 hr. 
Alkaline permanganate tevealed a trace of un- 
changed I that was not detected by a radio- 
chromatogram scan. 

DLscussion 

This study extends ob.servations of the hepatic 
microsomal hydroxylation of 3-substitutcd indoles 
to the analogous benzo[b]thiophene ring sy.stem. 
High resolution NMR and mass spectroscopic 
methods were used to investigate hydroxylation 
and other biotransformations of 3-(2-dimcthyl- 
aminoethyljbenzolbjthiophcne (ll. 

The production of benzo[b]thiophene-3-acetic 
acid reported in table 2 is a sum of the amounts of 
acid and 3-(2-hydroxyeth>T)benzo(b]thiophene 
produced. Because the latter is not readily sepa- 
rated from the acid by TLC (19). direct quantita- 
tion of 3-(2-hydroxyethyl|benzo(b)thiophene was 
not accomplished. 3-(2-AminoethyI)benzo[b]thio- 
phene was not detected in this study. This is not 
SUtprising when orte Considers the comparative 
rates of oxidative N-demethylation of tertiary 
amines vj. .secondary amines (20) and the substrate 
specificity of monoamine oxidase (2l). a contami- 
nant in crude liver preparations such as the 


iO.OOUg supernatant used in this .study. Incubation 
of 3-(2-mcthy liiminoethy l)ben/o|bjthiuphene and 
examination by Tl C indicated that this compound 
is al.so hydnixylated. presumably in the 6-position, 
but no primary amine was detected. The occur- 
rence of benzolb]thiophcne-3-acetic acid as the 
major urinary metabolite of I is .similar to the 
case of DMT (22). No sulfoxidation was observed 
cither in vitro or in vivo. 

Failure to account for more than 47% of the 
administrated radioactivity in a 96-hr collection of 
excreta prompted an invc.stigation of a limited 
number of tissues. After 96 hr. radioactivity was 
uniformly distributed in brain, liver, and kidney. 
The plasma level of radioactivity was about one- 
half that of the other three tissues examined. 
Fractional di.stillation of diluted plasma fjjggested 
that the plasma radioactivity was attributable to 
’HaO. A definitive study of the tissue distribution 
of I and its metabolites has not been completed. 
Compounds of high lipid solubility are often 
sequestered in tissues other than brain, liver, or 
kidney (23). Robbins et al. (2) noted that 4-ben- 
zo[b]thiophene methylcarbamate was highly con- 
centrated in rat lung. 

Detailed analyses of the NMR spectra of a wide 
range of ben/o|b]thiophene derivatives have been 
presented (24-26). A background for discussion is 
provided by the chemical shift data pre.sented in 
figs. I and' 2 and table 4, The entries in table 4 
show that when the 5-position of the bcnzo[b]thio- 
phene ring is substituted, the chemical shifts of the 
4- and 6-protons are comparable and fairly con- 
stant. The signal from the 2-proton occurs down- 
field from the center of the 4, 6-multiplet but 
overlaps the 4, 6-multiplel, When the 6- position is 
substituted, the chemical shifts of the 5- and 
7-protons are comparable and fairly constant, but 
the signal from the 2-proton is now shifted upfield 
and well separated from the 5,7-multiplet. This 
characteristic of the chemical .shift of the 2-protort 
is well illustrated in figs. I and 2. The method by 
which the 6-hydroxy derivative was obtained is 
presented in Materials and Methods. The 5-hy- 
droxy-3-(2-dimethylaminoethyl)benzo[bJthio- 
phene was obtained by liberating the free base 
from the picrate according to the method of Fieser 
and Fieser (27), From a consideration of the data 
pre.sented in table 4, it is clear that the microsomal 
enzymes hydroxylale I in the 6-position as they do 
the analogous indole. Hydroxylation in the 4- or 
the 7-position was ruled out in advance by consid- 
ering the overall characteristics of the aromatic 
splitting pattern (see, for example, the NMR 
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I \H1 I 4 


Chfmttdl yliifis {in ppm relaiiu' to mim th\l\il\l\ n' drunwiii firoituts in J..''- and .fi-di\uhsiituifd 

K 



X 

R 

h: 

114 

H5 

Hft 

H7 

Oscillator 

fTcqucncv 

Solvem 

Ref 

5-0 H 

CH,CH,N(CH,), 

■J.U7(s) 

vIOldl 



7.ft2(d) 

{StHz\ 

220 

C170, 


5-0 D 

CH,CH,N(CH,h 

7 4l(,'i) 

7,jlidl 


7 0:(dd) 

7.ftK(d) 

)W 

D,0 

17 

.s-OCH= 

CH,CH,NHCOCH, 

7.l3(s) 

7,23ld) 

— 

7 (Xllddi 

7.ft8(d) 

10(1 

CDCI, 

cbci, 

|7 

<1-0 H 

CH,CH,N(CH,), 

e.K4(s) 

7.K‘)(dl 

7 49|itil 

. — 

7 49(m) 

220 


6-OCH, 

CHiCHjNHCOCHj 

6,9.S(s| 

7,6»ldl 

ft yftiddi 

— 

7.29(d) 

l(W 

CDCb 


t-OCHj 

CH, 

(1.7U 

7.58 

ft. 85 

— 

7.14 

KKI 

— 



" S.D, Harrison. Jr., unpublished. 

' A. Dinner. Deparlmcnl of Chcmislrv. Indianu Universiiv. unpublished. 


.speclrum of p.silocin-S (l8). :i 3.4-di.suh.stilulcd 
ben/o[b] thiophene). 

Very little .systematic work has been done in the 
area of benzolblthiophene mass spedromelry. A 
brief review has appeared (24). but no work has 
been reported on derivatives similar to those of 
interest here, and one is forced to draw analogies 
with the mass spectrometry of indolcalkylamines. 
Couch and Williams (28) recent!} reported work 
that provides an e.xcellent summary of the muss 
spectrometry of trvptamines. Qualitative and 
quantitative differences in the mass fragmentation 
of indoles and ben/o!b)lhiophenes have been ob- 
.served and have been presented in detail else- 
where (29). With few exceptions, the benzo|b]thi- 
ophene derivatives pertinent to the present work 
conformed to the fragmentation pathways that 
would be predicted from a consideration of indole 
mass spectrometry (28). The low relative abun- 
dance of m/e 163 in fig. 3 represents a possible 
exception, but the sample was not sufficient to 
yield a spectrum from which definitive conclu- 
sions about the mass fragmentation of 6-hydroxy- 
3-(2-dimethylaminoethyl)benzolb]thiophene can 
be drawn. 

Inasmuch as the 5-hydroxylation of tryptophan 
by a highly specific enzyme (30) is a w'idely known 
reaction, it seems appropriate to consider the 
apparently unique nature of the 6-position of 
indoles and benzo[b]thiophene. Tr-Electron densi- 
ties (I) at positions 4. 5. 6. and 7 of benzo(b)thio- 
phene decrea.se in the order 6 > 5 > 4 > 7. The 
order for indole is 5 = 6 < 4 = 7. In addition, 
evidence draw*n from ultraviolet and NMR spec- 
tral characteristics of indole ahd bcnz,otb|lhio- 
phene derivatives suggests that 7r-eleclron conjuga- 
tion into the ring may be more facile through the 


6-position than through any other, .lepson et at. 
(31) have reported on the formation of a character- 
istic red color when a 6-h\droxy-3-substituled 
indole reacts with diazoti/ed sulfanilic acid. They 
found that a free 2-position was necessary for the 
reaction to occur, and it appeared that (he reaction 
product was a 2-azo derivative, .laccarini and 
Jepson (12) reported absorption maxima for a 
series of hydroxytrvptamines coupled with diazot- 
i/cd sulfanilic acid. The absorption maxima in- 
crea.se in the order (by position of hydroxyl group) 
4 < 5 < 7 < 6. It is well known (32) that 
TT-electron conjugation shifts the absorption max- 
imum of a given chromophore to a longer wave- 
length. The shift to longer wavelength that is 
apparent in the series of hydro, xytryplamines (I4) 
suggests that rr-electron conjugation is maximum 
in the 6-hydroxytr\ptamine derivative. 

Long-range coupling between the 2-proton and 
the 6-proton is a well documented characteristic of 
NMR spectra of benzo[b]thiophenes (24). Our 
NMR data revealed another con.sequence of the 
apparent electronic communication between (he 
2- and the 6-positions. Jackman and Sternhell (33) 
point out that the local diamagnetic .shielding of a 
given proton is dependent upon the electron den- 
sity about that proton. Ample evidence supports 
(he conclusion that, in general, increasing the 
electron density about a proton will result in an 
upfield shift of that proton's resonance. This is 
exactly the behavior exhibited by the 2-proton 
when one progres.ses from 5-hydroxy-l to 6- 
hydroxy-l (figs. I and 2). This upfield shift of the 
2-proton resonance in 6-hydroxy-l may be inter- 
preted as resulting from an increased electron 
density at the 2-po.sition as a consequence of an 
electron-donating group in the 6-position. 
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SniiMi I O-Zhdrowhirion oi a 3-suhsiinitt’d hfHzo\blihiophi’ne. 


The possibility of 7r-cleclron conjuuiition in 
indoles und hcn/o(b]thiophenes suggests a reason 
for hepatic mised-function oxidation of these rinc 
systems in the 6-posilion as opposed to an\ other. 
Resonance stabilization can contribute to a lower 
energy for 6-hydroxylation. This possibility is 
illustrated in .scheme 1. derived from a considera- 
tion of the currently favored intermediates of 
microsomal aromatic hydroxyiation (34). No com- 
parable resonance stabilization can be envisioned 
for intermediates of 5-hydroxylation. Although 
electronic considerations may not be divorced 
from the .steric and kinetic influences of an enzyme 
and its environment, the spectroscopic observa- 
tions in our study that bear more directly on the 
question of positional speciHcity of aromatic hv- 
droxylation are electronic in nature and are re- 
ported with the hope of stimulating further investi- 
gations of this question. 
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HARK. SON, S. D., jR., T. R. BOSIN AND R. P. MAICKEL. Physiological disposition of atropine in the rat. PHARMAC. 
BIOCHEM, 'behaV. 2(6) 843-845, 1974. - The physiological disposition of atropine was studied in r.its 
using ’H-labeled drug and a .specific as.say method. At doses of 1.25 to lO mg/kg. i.p., the greatest localization was 
seen in kidney and liver, with tissue: pla.sma ratios of >10; I. Tissue half-lives over the period 0.5 to 4 hr ranged from 
40-46 min in plasma to 97-106 min in adipose ti.ssue. 

Atropine Tissue levels Physiological disposition 


ALTHOUGH pure atropine was first isolated in 1931. and 
its medical use dates back many centuries, few detailed 
studies of the physiological disposition of this compound 
have been published. As mentioned by Evertsbusch and 
Ceiling (3], suitable analytical methodology did not exist 
until the availability of radiolabeled atropine. These authors 
used randomly labeled ' C-atropine and followed the time 
course of radioactivity in various tissues with no attempt to 
separate metabolites. Albanus et al. {\] used ^H-atropine 
to study the disposition of the drug in mice, with a com- 
bination of radioautography and paper chromatography to 
correct for metabolites. Werner and Schmidt tl2] used a 
combination of ^H- and ' C-atropine and specific proce- 
dures in a detailed study of the disposition and metabolism 
in mice. In addition, Albanus ef al. [2] used ^H-atroplne to 
study the disposition of total radioactivity in the dog, again 
ignoring metabolites. 

In addition to these studies, a number of reports have 
appeared describing the metabolic fate of atropine in a 
variety of animals. As early as 1949, Godeaux and 
Tonnesen [5] used a bioassay procedure to confirm the 
metabolism of atropine in rabbit blood and by cat, rabbit 
and rat liver in situ, Gosselin et at. [7) used ' ‘’C-atropine to 
study disposition of radioactivity and excretion of the 
tropic acid metabolite in mice. Finally, Gabourel and 
Gosselin (4] examined the urinary excretion of C- 
atropine in mice and rats, and Gosselin et al. (6] studied 
the urinary excretion of ’ C-atropine in man. Most 
recently, Kaiser and McLain [9] have examined the excre- 


tion of ‘ C-alropine in man, including studies of the 
plasma decay curves. 

Despite the fact that atropine is widely used in behav- 
ioral, research, primarily in rats [8,10], no attempts have 
been made to compare blood or tissue levels of the drug 
with behavioral effects. Indeed, the physiological disposi- 
tion of atropine has not been reported in any detail in the 
rat. The present paper reports on the time course of physio- 
logical disposition of ^H-atropine in the rat over a range of 
doses commonly used in behavioral studies. 

METHOD 

Adult, male Sprague-Dawley rats (290-350 g) were 
obtained from Murphy Breeding Laboratories, Plainfield, 
Indiana and maintained on Purina Lab Chow and tap water 
ad lib for 7-10 days prior to experimental use. Tritiated 
atropine (labeled in the para position of the phenyl ring of 
the tropic acid moiety) was obtained from New England 
Nuclear Corporation. 

Groups of rats were stunned, then decapitated and 
exsanguinated at various times after i.p. administration of 
aqueous solutions of various doses of ^H-atropine diluted 
with unlabeled atropine sulfate so that the dose of radio- 
activity per rat was 60 rc of ^H. Blood was collected in 
heparin treated tubes and centrifuged immediately. Tissues 
were removed immediately; plasma and tissues were stored 
at — 1 0° C until assay. 

Radioactivity was measured in a Packard Tricarb Model 
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TAB! I- 1 

TIME COURSE 01 LT.VU.S OI ' H-A I ROI'INK IN VARIOUS RAT 1 ISSUES 


Tissue 

Do.se 

(nig/kg, i.p.) 

0.05 

1 

2 

4 

*1/2 

min 

Plasma 

1.25 

231.' 37(4) 

91 + 

12(4) 

48± 10(4) 

5.611.9 (4) 

43 


2.5 

430± 78(3) 

1631 

37 (3) 

93+ 12(3) 

11+ 5(3) 

45 


5 

857± 9,! (4) 

4231 

82(4) 

2091 36 (4) 

21 1 5(4) 

46 


10 

2243 il) 

1015+ 

96 (4) 

3751 7l (3) 

63i 9 (3) 

40 

Brain 

1.25 

3291 47 (3) 

2181 

39 (-3) 

85+ 31 (3) 

54i 17(3) 

82 


2.5 

8871 42(4) 

539+ 

57 (3) 

309+ 37 (3) 

145+ 12(3) 

79 


5 

19011 76 (3) 

1 2261 

109 (3) 

794+ 26 (3) 

296+ 20 (3) 

71 


10 

3639 (1) 

28521 

191 (4) 

1403+111 (3) 

476+ 28 (4) 

71 

Fat 

1.25 

944±111 (4) 

4531 

91 (4) 

4061 47 (3) 

2091 27 (4) 

106 


2.5 

19831274 (3) 

1.6451 

194 (3) 

974i 93 (3) 

5lli 78(3) 

97 


5 

37421681 (3) 

34441 

601 (3) 

2191+278 (3) 

10191 93 (3) 

100 


10 

8011 (1) 

72191 

697 (4) 

4667+494 (4) 

2312+174 (3) 

103 

Heart 

1.25 

6011 93 (3) 

257+ 

33 (3) 

102+ 12(3) 

391 13(3) 

53 


2.5 

12101 97(4) 

508+ 

66 (4) 

219+ 46 (3) 

96± 41 (4) 

54 


5 

25141271 (3) 

997+ 

59 (4) 

430+ 58 (4) 

207+ 60 (3) 

56 


10 

5279 (1) 

23601 

537 /4) 

3081 106 (4) 

4581 57 (4) 

52 

Kidney 

1.25 

29171)68 (3) 

1 01 5i 

57 (4) 

4881 57 (4) 

199+ 27 (4) 

58 


2.5 

56121409 (4) 

2404+ 

360 (3) 

995+ 93 (4) 

411+ 78(4) 

56 


5 

13206+930 (3) 

5880+ 

397 (4t 

1955+-216 (4) 

822+302 (4) 

50 


10 

26645 (1) 

11681+ 

944 (4) 

3674+378 (3) 

1406+271 (4) 

53 

Liver 

1.25 

2606+ 93 (3) 

1178+ 

111 (4) 

7181 76 (3) 

.346+ 39 (4) 

74 


2.5 

58281306 (4) 

24071 

371 (4) 

1631 + 134 (4) 

649+ 79(4) 

72 


5 

107511912(4) 

49Mi 

408 (4) 

30791475 (4) 

1607+138 (4) 

72 


10 

26544 (1) 

129881] 

1012 (4) 

62l4.‘612 (4) 

3240+319 (4) 

76 


Each value (ng/g±S.D.) is the mean of values obtained from (N) rats. 


4322 liquid scintillation spectfometer, with polyethylene 
vials and a cocktail consisting of 14 g of 2,5-bis-2-{5- 
tert-butylbenzoxazolyl)-thiophene and 280 g of naphtha- 
lene in a mixture of 2100 ml of toluene and 1400 ml 
ethylene glycol monomethyl ether ( 1 1 ) . A counting system 
of 15 ml of this cocktail and 0.5 ml of aqueous solution 
gives 18% efficiency for with a background of 10 to 
15 cpm. , 

Atropine was determined as follows. Tissues were 
homogenized in 3 volumes of 0.05 N NCI, Using a motor 
driven Teflon pestle and glass homogenizer. Aliquots of 
tissue homogenate (1.0 ml) or plasma (1.0 ml) were added 
to glass stoppered (g.s.) 50 ml shaking tubes containing 
25 ml of benzene and 2.0 ml of a saturated aqueous solu- 
tion of potassium carbonate. After mechanical shaking for 
5 min, the tubes were centrifuged. Aliquots (10 ml) of the 
benzene phase Were transferred to g.s. 50 ml shaking tubes 
containing 2.0 ml of 2.0 N HCl, and the tubes were stop- 
pered, shaken for 5 min, and centrifuged. The benzene 
phase was removed and discarded. Aliquots (0.5 ml) of the 
acid phase were then transferred to polyethylene vials con- 
taining 15 ml of the liquid scintillation cocktail. The 
specificity of the method was confirmed by thin-layer 


chromatography using the system methanol: NH^ OH 
(100 : 1.5) and silica gel G plates. Under these conditions, 
only a single radioactive spot was found in the extracts, 
with an Rj- corresponding to authentic atropine. Recovery 
of authentic atropine was 85 - 90%. 

RESULTS AND DISCUSSION 

The results obtained after administration of ^H-atropine 
in i.p. doses of 1.25, 2.5, 5,0 of lO 0 mg/kg to rats are 
shown in Table 1. Half-life values were determined from the 
slopes of the decay curves as estimated by the method of 
least squares. Several facets are of particular interest. 
Plasma has the shortest half-life (40-46 mm) while adipose 
tissue (97—106 min) has the longest. Localization is seen in 
all tissues with tissue: plasma ratios relatively c.onstant over 
the first 2 hr, then increasing rapidly at 4 hr as pt.asma levels 
continue to fall rapidly. Tissue levels decay at a slower rate, 
In fact, the levels of atropine in tissues appear to have a 
biphasic decay curve on the basis of selected analyses done 
at 8 and l2 hr after the larger doses. Plasma values were 
below the level of detection at all doses after the 4 hr time 
point. 
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II 4 J, Sih'il a'lnpiiiniCilUall'- 

rcpi.ricd thill rabbit aldeh.ulc..Mvt.i-.ci..Mcli.uJc i.\ .avn o\iilon.iluclasc. K 1 2 ? 1 1 ha> thu abilit> to o.xi- 
di/c iillopurinol to tnipuniml n- nr .' I unbcniioi. HiiH n ,il " '.hiwi.d lli.tl ihva i> .i dincietKc 
ol iildoli'df oxidase acti\it\ in inise '' ben \ -niethslnicoltnainide was Used its substrate Tlieieloi c we are 
now iin’estieatinp the relalioiiship between allopinnuil iwidl/ing en/\ine and aldehyde ovKiase in mice 
tliun i'( cii reported that aliopiirinol is rapidl> ovidi/ed in riiv to osipiirinol which also inhibits xan- 
ihine oxidase Presiouslv we reported that the '■*( -eompeumds tlisappear much slower in m;ile lh;in in 
remiile mice after labeled allopui inol treatment Thus it seems that this sex dilference tn allopunnol oxi- 
dizing actixity may. to some extent, be concerned with acute toxicity. 

Further work is needed to clarify this problem 
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Inability of ral brain hoitiugenale to oxidize amphelainiite 


[Received 20 July anepted 17 September 197.2) 


In a RECENt series of papers in this journal Guha and Mitra* have reported that homogenates of rat 
and guinea pig brain catalyze the reduction of neo-tctra/olium chloride (NTClin the presence ofampheta- 
minc. The system has been described as an amphetamine dchydrogenaset (he most recent report suggests 
that tranvlcypf online is also actively dehydrogenated by this sy’stem.^ Hoxvever. the activity of the enzyme 
svsicni has been estimated by measuring the production of difotmazan from NTC. The authors have not 
determined (hat a degradation product of amphetamine is produced in the course of the reaction. 

Hucker* and Parli and McMahon’ have recently reported on the metabolism of amphetamine with 
no evidence for a dehvdrogenu.se piithwiiy. Earlier work from ibis laboratory, using [’Hjlabclcd umphclK- 
mine had shown thai rats convert the drug m fii’O by p-hydrtixylalion and oxidative dcammation,' the 
present communicaiion reports on allempts to measure the r,roduction of motaboliies ol [* Hjampheta- 

mine by the rat brain dehydrogenase system as described by Guha and Mitra.l*- 
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Urains were lennned in.'ln adiill I'Oii 4(iOgi male. Sprague- Diiw le\ rats purch.ived fic>m Murph> 
Urceding Laboratories. Plainfield, hid.. and homogenates prepared aceordmg to .Mtlra and (}uha.' (/'Am- 
phetamine pliosplu.ie was supplied h\ the Pennwalt Corp.. [■ HJi/-ainphet,imine sulf.iie w.is purchased 
from the New ['pgiand Nuclear t "p,. NTC from the Sigma Chemical Co and diforma/an Irom Nulri- 
tioiuil Diochemieals Corp. 

Incubations weie peilormed aeeording to Mitra and Guha Diforma/an production was measured b\ 
the method of Launado and Sourkes using a Gilfiird model 20tKt absoibancc recorder a Heckman 
model DC monochromotor. [-'H ]amphet.imine was a . sated as described b\ Mtijckel ci u/..'’ using a Pack- 
ard Tri-Carb iiK'del 2425 liquid semlillation st.^iem. Metabolites of [ Mljamphetamine were separated bv 
TLC on Silica gel G plates (0 2.^ mm. Bnnkmaim MN-Pol\graml in the .stsletn described b> Hucker.*' 
phenyi-2'prcipantsne was visuiih/e'd b) sprating with 1 ,. KNlnOj in 5 ,, aejueotis Na^C Qi. I LC plates 
were scanned for radioactite spots in a Ihickard model '2t)ti lailiiieluoinaiogram sc.mnei. 

The cemtersion erf NTC lei diroinia/aii in the stslem of Ciulia iiitd \1itiir (iccuiied witii or without 
the addition of amphetamine. In an attempt to piepare a si.nufaid cune km the absorbance of difoi ma/.an 
at 520 nm. it was found that ab.sorbance is not lineai o'er the eoneeiili.ilion range lepoi ted b\ Guha and 
Mitra ' ’ No amphetamine metabolites were obsei'cd wlieii the ineubaie was e.xlracled with methylene 
chloride and examined by TLC.-^ Inciihiiiion of [ ’HJainpheirmimc with the homogenate and NTC. fol- 
lowed b' extraction. TLC and riidiochionialogriiin scaiimiig indicated Ihal greater than 95 per cent of 
the radioactivit' pre.sent was contained in a spoi corresponding to unchanged [•'H]amphetaimne. In a 
dcfinili'c experiment, inctibation mixtures were prepaied with and without hoiiiogenale Duplicate mix- 
tures of each l\pc were cither incubated and extracted alter sO inin or not incuhaiccl. i.e. extracted at i = 0. 
['H]amphetalnine was extracted by a specilic procedure and measured by liquid .scinlillaiion spectro- 
metry.*’ Neither the presence of brain tiomogenale nor incubation at for .'O min resulted in an\ reduc- 
tion in the anuuml of [^H]amphclamine that could he extracted. Hased on the rate of difoniia/aii produc- 
tion reported by Mitra and Guha.’' one would have expected at least ft.'' per cent coineision of ampheta- 
mine. As little as lfi per cent metabolism of amphetamine would lut'c been easily detected. 

Many substances arc known to reduce neo-tetra/olium chloiide. langing from simple alkaline pH to 
ascorbic acid, reducing sugars and flaxoproiein en/y mes.*' Indeed, it was observed iliai during an early 
step in the ainplieiamine extraction procedure'' at which tlic aqueous pha.se was made .•ilkalinc. the color 
characteristic of diforma/an appeared in iiii.xitires ainlaining NfC and homogenate with or without 
amphetamine; mixtures containing only amphetamine and NTC dc'clopcd no color Ihe reduction of 
NTC under these conditions appears to be a function of the presence of brain hoiiiogenale and not of 

amphetamine coneenlralion. , c i 

In .siimmar'. an attempt was made to measure the production of [■ HJamplielalnme melaboliles by the 
rat brain amphetamine, dehydrogenase .system of Mitra and Guha ■' No metabolic coii'crsion of ampheta- 
mine was observed. 

.■ickiunvh'ihicweins This work was .supported by CSPHS grants K02MH-4I08.T and MH-18852 and by 
NASA grant 15-003-1 17. 
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introdu ction 

The concepts of homeostasis, which views living organisms as actively 
maintaining an optimal internal environment or rmllieu interior 

largely developed from the work of Claude Bernard (1). Since the 

4 -. "Qtrpss" bv Selye (2,3), many people 
development of the various concepts of stress > y 

have considered stress to represent any state of the organism in which 

reactions to stiniSli have distributed the normal homeostasis by perturbation 

of biochemical or physiological mechanisms. Stress may thus be considered 

as an abnormal state of the organism, and. in the terminology of Selye (4) 

proceeds through three sequential phases: shock, resistance, and exhaustion. 

In this framework, s^ Is the initial phase, in which the organism is 

moved into a state of homeostatic imbalance by the action of the stressful 

stimuli. The second phase. resMance. Is characterized by reactions 

of the organism as It attempts to regain Its Initial homeostatic state. 

The final phase, exhaustion , occurs when the organism is exposed to 

repeated or continued stressful' stimul 1 . and. because of repeated or 

continued attempts to maintain homeostasis, the organism becomes unable to 

respond further or otherwise proceeds to a completely non-homeostatic 

state. The net result of the exhaustion state Is generally expressed as 

one or more pathological phenomena; In the most severe case. Irreversible 

damage or even death may ensue. 

The general characteristics of mammalian response to stress Include 
emergency responding of two body systems: the sympathomedullary system 

and the pituitary-adrenocortical system. The response of the sympathomedul- 
lary system IS manifested in increased peripheral sympathetic nervous activity 
and consequent biochemical and physiological responses to the surging release 
of norepinephrine: increased heart rate and respiration, contraction of 
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blood vessels, piloerection, heat consevation, and kipolysis in adipose tissue. 
At the same time, adrenal medullary discharge of epinephrine evokes a 
mobilization of glucose from the liver glycogen stores. Meanwhile, the 
anterior pituitary Is secreting large quantities of ACTH, causing increased 
production of glucocorticoids from the adrenal cortex and causing further 
imbalances in normal body functional systems. 

In humans, elevated catecholamine outputs have been seen in response 
to a variety of psychological (5) or psychophysiol ogical stimuli (6). 

Similarly, increased adrenal corticoid secretion has been evoked by fear (7), 
perceptual disturbances (8), emotional disturbances (9-10), and competitive 
sports (11). These findings seem most appropriate in view of the likeli- 
hood of similar types of stressful situations occurring on a repetitive 
basis during space flight - especially since the duration of manned space 
flights are getting longer. 

Unfortunately, the ideal test system to examine the consequences of 
repetitive stresses does not as yet exist. Human test systems are extremely 
limited in that only a few measurement parameters can be used; no tissues 
are available, and samolss other than urine are restricted in terms of 
the number that can be obtained. Animal test systems are readily available 
and permit ready sampling of almost anything, but, no appropriate animal 
model for repetitive stresses has yet been examined in sufficient details. 

In addition, while a large number of variables has been measured in a 
diversity of stresses and experimental animals, no one has been able to 
select the most appropriate variables to measure or the most useful stress 
to examine on a dose-response basis. 

In this report, we present preliminary studies comparing three 
stresses: cold exposure (a predominantly physiological stress), immobiliza- 

tion (a predominantly psychological stress), and d-arnphetamine (a predominantly 
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pharmacological stress). The experimental design permitted comparison of 
single stress with repetitive stress on primary (plasma corticosterone), 
secondary (plasma glucose, plasma FFA), and tertiary (brain norepinephrine 
and serotonin) parameters of the stress response. 

METHODS 

Adult, male, Swiss-Webster mice weighing 25-30 grams were used in 
all experiments. Cold exposure occurred in individual screen wire cages 
in a room at 4°C; immobilization was performed by restraining individual 
animals in wire mesh tubes; d-amphetamine was administered by i.p. injection 
at a dose of 4 mg/kg. Animals were killed by decapitation and blood was 
collected into heparinized tubes. Tissues were removed immediately and 
frozen; plasma was also prepared immediately by centrifugation and frozen. 
Plasma corticosterone, plasma glucose, and plasma FFA were determined as 
described by Maickel, ^ (12); brain 5HT, 5HIAA, and NE by the method 

of Miller, ^ ^ (13). 

RESULTS 

Effects of a Single Stress on Parameters . The time course of an acute 
stress (4 hours) was measured; the data are shown in Figures 1, 2, and 3. 

At all times, and with all three stressful stimuli, the plasma corticosterone 
values were significantly elevated (p <.05) above control values (Fig. 1); 
cold exposure seems to reach the highest level at 0.5 hr, as well as to 
produce a longer elevation. The picture of plasma glucose is quite different 
Only d-amphetamine evokes a significant elevation in this parameter, although 
y this effect falls to non-si ghificant values at the 4 hr. time point. In 

contrast, both cold exposure and immobilization show a pattern of an initial 
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insignificant rise, followed by a fall to lower than control values (p <.05) 
at 2.0 and 4.0 hours. In the case of plasma FFA, cold exposure produces a 
significant elevation at 1 to 4 hours, while immobilization causes a 
significant depression at 1 hour and amphetamine has no significant effects 
although the value at 0.5 hour is almost significantly (.10>p>.05) lower 

than control . 

Ffferts of Repetitive Stress on Parameters . The data presented in Figure 
4 were those obtained by exposing mice to chronic daily stress: 2 hrs 

of cold exposure, 2 hours of immobilization, or 4.0 rag/kg, i.p. of d- 
amphetamine, for 14 days. The animals were sacrificed at the termination 
of the 14th stress session. Control animals were handled daily at the 
same times and to approximately the same extent as the experimental mice. 

The results Indicate that cold exposure and amphetamine were similar in 
that plasma corticosterone values were significantly elevated after the 
14th session, while Immobilization animals had normal values. In the case 
of plasma glucose, levels were depressed in chronic immobilization and 
amphetamine, but were normal with repetitive cold exposure. No differences 
from control were seen in plasma FFA levels with any of the stressful 

stimuli. 

Effects of Repetitive Stress on Response to ^ Acute Stre ^. In order to 
determine whether repetitive exposures to stressful stimuli might influence 
the ability df an organism to respond to a subsequent acute stimulus, 
an experiment testing this situation was devised. Animals were repetitively 
stressed (as described in the preceeding section) by either cold exposure. 
Immobilization, or d-amphetamine; on the next day, an acute "challenge" 
stress was applied. The results (Figures 6, 6, 7) indicate that the 
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repetitive stresses. i„ general, tend to reduce the ability of the animals 

to respond to a subsequent acute stress. This is most noticeable in the 

case of repetitive cold stress and least noticeable for repetitive amphetamine 
dosages. 

Ef fects of Acute ,andJeEetmye_^ ess on Brain Biogenir Amines 
addition to the plasma biochemical parameters, measurements have also been 
made of the levels of brain serotonin (5HT). norepinephrine (NE). and 5- 
hydroxyindole-3-acetic acid (5HIAA) in the various stress conditions. The 
effects of an acute stress or repetitive stresses on these amines are shown 
in Figure 8. The acute cold and immobilization stresses evoke significant 
(P <.05) increases in both 5HT and 6HIAA. with increases, though not 
significant in NE; acute amphetamine fails to cause any significant changes. 
Repetitive stress by cold or immobilization evokes significant decreases 
in 5HT and 5HIAA. with no change in NE; repetitive amphetamine fails to 
influence 5HT or 5HIAA. but causes a fall in the level of NE. 

In the case of an acute stress "challenge" tested after the 14th 
repetitive stress, the results differ with each stress. Repetitive cold 
exposure enhanced the Increased 5HT and 6HIAA caused by all three acute 
stresses {Figure 9). No effect was seen with NE except in the case of 
acute amphetamine, where the repetitive cold exposures caused the animals 
to be less responsive. Repetitive immobilization had virtually no effect 
on the brain amine alterations caused by a subsequent acute stress (Figure 
10). while repetitive amphetamine dosages enhanced the effects of a subsequent 
cold exposure on NE. and decreased the responsivity of all three brain 
substrates to a subsequent dose of amphetamine (Figure 11). 
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discussion 

The results presented here should be considered as only preliminary 
in that they are studies in a single species of animal, with a minimal 
number of variables and parameters. However, several interesting points 
for further study have been clearly demonstrated. First of all, the 
effects of an acute stress of limited duration must be considered in the 
framework of a subject's prior experience as well as in the light of the 
sensitivity of the parameter of interest. Thus, a "classical" stress marker 
such as plasma corticosterone, while extremely sensitive and useful as an 
indicator of acute stress, becomes almost valueless when the same stress 
is applied repetitively (cf. Figures 1, 4, 5). Plasma glucose responds 
nicely to cold exposure or immobilization in both acute and repetitive 
situations (Figures 2, 4), but is not suitable as an indicator of a 
subsequent acute stress (Figure 6). Plasma FFA responds in a useful manner 
only to acute cold exposure; however, in the repetitive situation (Figure 7), 
the effects are useful only in the cold exposure situation. 

In summary, these preliminary studies indicate the need for more 
detailed examination of potential stfess "markers". An animal model would 
be most useful; If space flights of long duration are to be successful, 
repetitive stress must be considered. However, the search for a suitable 
animal model must be expanded to examine new possibilities for measurable 

markers. 
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LEGENDS 


ih FIGURE!: 


FIGURE 2: 


FIGURE 3 


FIGURE 4 


FIGURE 5 


Mean values of plasma corticosterone in control mice CH (N=50), 

(N=20), immobilization [D] 


at various times of cold exposure 
(N=10), or after administration of d-amphetamine 
Vertical bars indicate + S.D. 


(N=10). 


Mean values of plasma glucose in control mice | '] (N-200) 

(N=20), immobilization 01 


at various times of cold exposure 
(N=20), or after administration of d-amphetamine 
Vertical bars indicate + S.D. 


(N=10). 


Mean values of plasma FFA in control mice □ (N=200), at 

various times of cold exposure \ — ^ (N=20)» immobilization ED 

{N=20), or after administration of d-amphetamine 
Vertical bars indicate + S.D. 






(N=10) 


Mean values of plasma corticosterone, glucose, and FFA in control 
mice []] (N=24), or mice after repetitive cold exposure § 

(N=12), immobilization [Q] (N=12), or amphetamine ^ (N=12). 

Vertical bars Indicate S.D. Anim.als were killed 2 hrs after 
the last dose of amphetamine or immediately following the final 
2 hr immobilization or cold exposure. 


Mean values of plasma corticosterone response ratios {repetitive 
stressed v non-stressed >; 100%) to acute cold exposure 


(N=12). 


immobilization Q]] (N=12), or amphetamine ^ (N=12) in 

animals subject to repetitive prior stresses. Vertical bars 
indicate + S.D. Acute stress was applied 24 hrs after the 14th 
repetitive stress. Animals were killed as in Figure 4. 
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FIGURE 6 


FIGURE 7 


FIGURE 8: 


FIGURE 9: 


Mean values of plasma glucose response I'atios (repetitive 
stressed non-stressed x 100%) to acute cold exposure |rr3 (N=12), 
immobi 1 ization m (N=12), or amphetamine }\^ (N=12) in 

animals subject to repetitive prior stresses. Vertical bars 
indicate S.D. Acute stress was applied 24 hrs after the 14th 
repetitive stress. Animals v;ere killed as in Figure 4. 


: Mean values of plasma FFA reponse ratios (repetitive stressed v 

non-stressed x 100%) to acute cold exposure 
immobilization j 1 1| (N=12), or amphetamine 




(N=12), 
(N=12) in 


animals subject to repetitive prior stresses. Vertical bars 
indicate + S.D. Acute stress was applied 24 hrs after the 14th 
repetitive stress. Animals were killed as in Figure 4. 


Mean values of brain 5HT □ , 5HIAA L3 , and NE ln 

animals after a 2 hr acute stress or at the end of the 14th 
repetitive stress, expressed as percent of control values of non- 
stressed animals. Vertical bars are + S.D. ; N=24 (controls), 

N=12 (each experimental group). 


Mean values of response ratios (repetitive stressed t non-stressed 
X 100%) of brain 5HT Q 


in animals 


5HIAA t.J , and NE 
after a 2 hr acute stress 24 hrs after the 14th repetitive cold 
exposure. Vertical bars are + S.D. Animals were killed as in 
Figure 4. 
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FIGURE 10: 



Mean values of response ratios (repetitive stressed t non-stressed 
X 100?0 of brain 5HT Q , 5HIAA ] , and NE in animals 

after a 2 hr acute stress 24 hrs after the 14th repetitive 
immobilization. Vertical bars are + S.D. Animals were killed 


as in Figure 4. 


FIGURE 11: Mean values of response ratios (repetitive stressed -r non-stressed 

X 100%) of brain 5HT O . 5HIAA ^ , and NE in animals 

after a 2 hr acute stress 24 hrs after the 14th repetitive 
amphetamine dose. Vertical bars are + S.D. Animals were killed 
as in Figure 4. 
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MaicKEL, R. P. and G. J. Maloney. Lack of tolerance development to the dipsogenic actions of barbital. PHARMAC. 
BIOCHEM.' BEHAV. 2(3) 431 -434, 1974. - Chronic dosage of rats with barbital produced a dipsogenic state with 
overhydration. No tolerance could be seen to this effect in fourteen days; on withdrawal of drugs, the water intake of the 
lats fell to below normal levels, on a weight basis. When daily intake of fluid \t?s restricted during the period of barbital 
dosage, overhydration did not occur and drinking during the withdrawal phase v as increa.sed. 

Barbital Drug induced drinking Tolerance 


SCHMIDT and co-workers (11-19] have studied the 
effects of a variety of barbiturates on water consumption 
induced in rats by various means. In general, the com- 
pounds had a dipsogenic action, a finding corroborated by 
us for a variety of depressant drugs [7j. In addition, this 
laboratory recently reported an exhaustive study of factors 
involved in the dipsogenic actions of barbital [6] . 

Schmidt, et a/. [16,18] administered phenobarbital to 
deprived rats daily for 30 days and measured water intake, 
no indication of tolerance to the dipsogenic effect of the 
drug was observed. Upon withdrawal of the drug from the,se 
anima’s, and also upon withdrawal of a group given drug for 
14 days, the rats consumed less water than a saline control 
group for several days. This was later interpreted as the 
development of a hypersensitivity to the dipsogenic effect 
after a 15 day phenobarbital treatment and a 10 day with- 
drawal [19]. As evidence of hypersensitivity the authors 
cited the fact that the response to the second phenobarbital 
treatment, that is, after 15 days treatment and 10 days 
withdrawal, was greater than the initial response to the 
same dose. 

The present paper reports on the effects of chronic daily 
dosage of barbital on the fluid intake of rats with restricted 
or unlimited access to water. 

■MATERIALS .AND METHOD 

Adult (280-290 g) male, Sprague-Dawley rats (Murphy 
Breeding Laboratories, Plainfield, Indiana) were used in all 
experiments. The animals were maintained on lap water 


and Purina Rat Chow ad lib for at least 1 week after arrival 
in the laboratory. All solutions for injection were made in 
glass distilled water such that a dose volume of 0.1 ml per 
lOO'g body weight contained the desired dose; all injections 
were given intraperiloneally, 15 min prior to placing the 
animals in the drinking cages. 

The procedures used to measure deprivation-induced 
water consumption were basically those of Gerald and 
Maickel [5], Rats were placed in cages, 7X 7X 14 in., 
identical to the home cages of the animals. The cages were 
suspended in individual compartments of a sound-proofed 
box with uniform fluorescent lighting. Constant circulation 
of air by blowers maintained uniform temperature in the 
compartments; the noise level of blowers served as a white 
noise. Each cage contained a drinking tube connected to an 
external 50 ml buret filled with distilled water at the start 
of each test run and stoppered. As the animal consumed 
water, the change in volume was measured visually to the 
nearest 0.1 ml. The front door of each compartment was 
equipped with an eye-piece lens to permit visual observa- 
tion of the rats without disturbing their behavioral perfor- 
mance. For at least 1 week prior to testing drug effects, rats 
were deprived of water daily for 23 hr prior to testing, then 
placed in the drinking cages and allowed to drink for 1 hr. 
Food was available ad lib in the home cages but was not 
available in the drinking cages. In the restricted intake 
studies, rats were given only a fixed volume of water, 
14.0 ml, 

Drug trials were started only after the animals demon- 
strated stable baselines (less than 57c daily variation) of 
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14 days of drug treatment, seen when consuminatory vol- 
ume was plotted as ml/lOOg body weight. The animals 
gained an average of lOOg of body weight during the 
course of this experiment. Substitution of saline for bar- 
bital resulted in a decrease in fluid consumption on the 
second day after drug withdrawal with a return to normal 
on the third and subsequent days. A weight loss of 1 8 g was 
also observed during this withdrawal period. Of particular 
interest is the fact that administration of a single dose of 
barbital on the ninth day after drug withdrawal (Day 33) 
gave a normal dipsogenic response (Table 1). 

Effeci of Chronic Daily Dosage of Barbital, on Fluid Con- 
sumption of Rats with Limited Volume A -.’ailable 

Figure 2 shows the effect of limiting fluid intake during 
the drug treatment period of H ml/rat/day. Here, over- 
drinking and the weight gain during the drug period are 


water intake. The schedule for drug studies was arranged so 
that the rats were run daily. Water intake was recorded at 
15 30 and 60 min of the consummatory sessions, the 

greatest proportion of drinking occurred in the first 15 min 

in all cases. , 

Barbital sodium was used in all experiments, dosages are 
reported as weight f>f barbital administered in mg/kg body 
weight. Groups of 8 rats were run in each test system; data 
are repo'ted as mean ± S.D. 

RESULTS 

Effeci of Chronic Daily Dosage of Barbital on Fluid Con- 
sumption of Rats with Unlimited Volume A vailable 

As shown in Fig. 1, chronic barbital (80 mg/kg, i.p.) 
increased daily fluid consumption above baseline for the 
duration of drug administration. There is a trend suggesting 
development of tolerance to the dipsogenic effect over the 
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prevented with the reciilt that now there is no withdrawal 
^ 1 decrease in Huid intake nor weight loss. The period ol with- 

...eorrrjir fMXCTS OK u.-\KB!T.\L BEtORE AND AFTER j^awal shows a significantly greater Huid intake by the 
nilsoGENic EM IKI.AT.MENT animals. 


Day of Schedule 


Volume Consumed 
total ml ml/1 00 g 


1_10 Saline 16.9 ±1.0* 5.3 ±0.4* 

11_24 Barbital 24.5 ± 1.7* 6.7 ± 0.6* 

25-32 Saline 16.0 ±1.5* 4.3 ± 0.4* 

33 Barbital 23.2±1.8t 6.4 ± 0.7t 

Data are presented as volume consumed by 8 animus Barbital 
rfin tnp/kE i o 1 was given as described in Materials and Methods. 

^ *m^an’± S.a of 8 animals per day for number of days indicated 

f mean ± S.D. of 8 animals on a single day 


discussion 

From a consideration of the data presented in this paper, 
it seems likely that the earlier work of Schmidt and co- 
workers [16 18, 191 suffers from several defects. First, no 
recognition was made of the large weight gain during the 
period of the study. It is possible that the increased intake 
attributed to hypersensitivity after a period of drug trials 
1191 may merely reflect the fact that heavier animals con- 
sume more Buid. When fluid consumption by our animals is 
expressed in ml consumed/100 g body weight, the daily 
intake decreases slightly over the drug period of 14 days, A 
transient weight loss and decrease in fluid consumption are 
pre.sent during the withdrawal period as previously reported 
bv others 1 14,1 5] . , . 

Schmidt era/. 112,15] also considered the chronic over- 
hydration of the animals during the drug period as inconse- 






DAYS 


-> FffpfU nf barbital on fluid consumption-restricted intake. Each .symbol 
G, 2. Eff H frnm R rats as described in Materials and Method. Vcrlici'i ars 

r.m^1D."no^^ ss;^Nen fluid was 

stricled. Solid circles indicate days of dosage with barbital (80 mg/kg, i.p.)> open cir 

fire nlrircho dosace. 
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nuoiilMi 1-’ ll'- ^.-haructcristics of the withdrawal state. In 
Ihe pie.sent study, when overhydration was prevented, the 
decrease in fluid consumption and body weight during 
withdrawal did not occur. The increase in fluid intake over 
baseline on the first day of withdrawal may refiect the 
presence of barbital in the animal since the drug is not 
appreciably metabolized and is excreted slowly [6]. It is 
unlikely, however, that this drug carryover would explain 
the increased consumption on subsequent days. 

It is reasonable, in light of the changes in neurosecretory' 
material in the neurohypophyseal system during overhydra- 
tion [ 1 ], that prolonged overhydration in itself could lead 
to a decrease in fluid consumption upon removal of the 
stimulus for overdrinking. The animal is in a state of posi- 
tive water balance and will restore his fluid balance by con- 
suming less fluid. The post-drug weight loss appears directly 
related to the decrease in fluid consumption since the ani- 
mals did not lose weight if they were prevented from over- 
drinking prior to withdrawal. The dipsogenic response 
during the post-drug treatment period by the limited- 
volume animals may reflect an alteration in fluid balance 
systems induced by the drug treatment. 

A direct central action upon neurons involved in the 
regulation of water balance may cause the dipsogenic effect 
by depression of inhibiting centers. Animals with lesions in 
the septal area and in the anterior hypothalamus show an 
increased fluid consumption [2,10). These drug effects 


could be duo to chemical lesions \ia a depre.ssion of the 
septal area or hypothalamus. Inlerfeionce with the hypo- 
thalamu.s neurohypophyseal system may also be involved in 
the dipsogenic action. Barbiturates are known to release 
ADH from the posterior pituitary j.il, The depression of 
osmoreceptor cells in the C.NS. possiblv those near the 
ADH secreting neurons, may alter an animals preception of 
his actual state of hydration and cause him to continue 
drinking longer than usual. The consummatory act itself 
may become pleasurable if tlie drug has depressed inhib- 
itory brain areas. 

In the rat satiation precedes restoration of the osmotic 
imbalance and comes about via impul.ses from nerves in the 
ora! cavity traveling along cranial nerves to brain regions 
involved in fluid consumption |4], If drugs were to inter- 
fere with the transmission of information as to the nature 
and amount of the fluid the rat is consuming, the animal 
might ingest larger amounts or cease earlier depending on 
the nature of the interference. Evidence for the involve- 
ment of the peripheral nervous sy.stem [5] suggests that 
depression of tliese neurons may interfere with the regula- 
tion of fluid intake. Another peripheral action could be 
drug interaction with the renin-angiotensin system. The 
release of ADH by barbiturates could also be a manifesta- 
tion of the mediation of angiotensin since angiotensin itself 
releases ADH [8] . 
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DIFFERENTIAL EFFECTS OF d- AND 1 -AMPHETAMINE ON SPONTANEOUS 
MOTOR ACTIVITY IN MICE 

Roger P. Maickel, Richard M, Levine and Carlos M. Quirce 
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Indiana University 
Bloomington, IN 47401 

ABSTRACT 

The effects of single doses of d- and 1 -amphetamine on motor activity 
in mice differed both in quantitative and qualitative aspects. At low doses 
(0.5 mg/kg, i.p.) and at high doses (8.0 mg/kg, i.p,), both isomers were 
stimulants of SMA, differing only in potency. However, at intermediate doses 
(2.0, 4.0 mg/kg, i.p.) the 1-isomer caused a significant depression of SMA 
while the d-isomer was stimulatory. 

INTRODUCTION 

Since the first reports (Alles, 1933) of the stimulant actions of 
amphetamine, a large volume of literature has accumulated on the differential 
actions of the d- and 1-isomers. While the generally held opinion is that 
they differ merely in quantitative potency (Goodman and Gilman, 1970), several 
recent reports support the possibility of qualitative differences as well. For 
example, Bainbridge (1970) reported that d, 1-amphetamine, in doses of 1-5 mg/kg, 
had a depressant effect on spontaneous motor activity (SMA) in mice, while doses 
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of 10 mg/kg or greater were stimulatory, Snyder, et ^ (1970) and Taylor and 
Snyder (1970) reported differential effects of the d- and 1-isomers on norepine- 
phrine and dopamine in brain areas. Phillips and Fibiger (1973) showed that 
d-amphetamine was seven to ten times more effective than the 1 -isomer in inducing 
self-stimulation when electrodes were located in the hypothalamus of rats, while 
the two isomers were equipotent when electrodes were in the substantia nigra. 

The present paper compares the effects of the two isomers of SMA in mice, and 
shows both qualitative and quantitative differences. 

MATERIALS AND METHODS 

Adult, male Swiss-Webster mice (Murphy Breeding Laboratories, Plainfield, 

IN) were used in all experiments. Drugs were administered as aqueous solutions 
by i.p. injection in volumes such that the required dose was contained in 0.1 
ml/10 g body weight. All doses were given 5 min prior to placing the animals 
(3 per cage) in Woodward Actophotometers. Counts were recorded at 10 min 
intervals for 40 minutes. Statistical comparisons were made by multiple "t" 
tests. 

RESULTS AND DISCUSSION 

The data, as presented in Table 1 clearly demonstrate that the actions of 
the two isomers of amphetamine on SMA are both qualitatively and quantitatively 
different. Thus, d-amphetamine, at all doses tested and in all time periods, 
caused a significant increase in SMA when compared to funimals given distilled 
water. The results with 1 -amphetamine were quite different. At the lowest 
dose (0.5 mg/kg) and the highest dose (8.0 mg/kg), the 1-isomer significantly 
increased SMA over all time points, although the magnitude of the increase was 
less than that seen with the corresponding dose of the d-isomer. At a dose of 
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TABLE 1 

Fffpcts of Amphetamine Isomers on SMA of Mice 


Drug 

Dose 
mg/ kg 

N 

Counts per 

Interval + 

S.O. 


0-10 min 

11-20 min 

21-30 min 

31-40 min 

Control 

- 

21 

89ffi147 

609+ 60 

590+58 

348+ 42 

d-Amphetamine 
1 -Amphetamine 

0.5 

II 

4 

8 

1232+191*^ 

1177+104^ 

758+113*^ 
762+ 62® 

1007+161® 
634+ 62° 

764+129® 
456+ 55® 

d-Amphetamine 
1 -Amphetamine 

1.0 

II 

4 

6 

1387+156^ 

756+1429 

1320+147® 
617+ 81 

1606+152® 
690+ 60° 

1470+209® 
451+ 44® 

d-Amphetamine 
1 -Amphetamine 

2.0 

ir 

4 

8 

1932+192® 

550+1076 

2350+263® 
395+ 87® 

1697+224® 
464+1 00^ 

1461+157® 
506+ 816 

d-Amphetamine 
1 -Amphetamine 

4.0 

II 

4 

8 

1641+284® 

739+1859 

1852+320® 

331+1096 

1545+257® 
425+^1 23T 

1767+232® 

480+104° 

d-Amphetamine 
1 -Amphetamine 

8.0 

II 

4 

6 

1609+2556 

1189+2106 

1448+210® 

1069+125® 

1440+143® 

1340+334® 

1430+144® 
672+ 86® 


Values significantly greater than control: ^ = P <.001, t> = p <.005, 

p <,02, ^ = p <.05. 

Vakes significantly less than control; ® - P <-001. ' - P <-005, 9 = P <-05- 

1 mg/kg, 1 -amphetamine caused a significant decrease of activity relative to 
control in the first 10 minute period; by the 20-30 minute period, this became 
a stimulatory effect. At doses of 2 and 4 mg/kg. the effects of l-amphetam1ne 
were clearly depressant over the first three 10 minute periods. While the 
30-40 minute period showed SMA to be increased relative to control mice, the 
activity did not differ significantly from that seen in the 20-30 minute period 
with the 1-isomer. At a dose of 8 mg/kg, the 1-1somer was clearly stimulatory 

at all time intervals. 

From these data it seems evident that the isomers of amphetamine differ 
in both qualitative and quantitative characteristics. In view of the recent 
report by Phillips and Fibiger (1973) on differential behavioral potencies of 
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the isomers, it seems possible that this effect on SMA may reflect actions on 
differing neurochemical systems, possibly norepinephrine and dopamine (Snyder, et 
al , 1970; Taylor and Snyder, 1970). Other possibilities must also be 
considered. For example, Siva Sankar (1970) showed that 1 -amphetamine was a 
potent inhibitor of liver alcohol dehydrogenase, while the d-isonier was, at 
best, a weak inhibitor. In conclusion, the possibilities of pharmacological 
differences because of isomeric differences in the amphetamines warrants 
further study. 
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DIFFERENTIAL EFFECTS OF MONOAMINE OXIDASE INHIBITORS 

Roger P. Maickel, Axine M. Rompalo, and Raymond H. Cox, Jr. 
Department of Pharmacology 
Medical Sciences Program 
Indiana University 
Bloomington, Indiana 47401 

ABSTRACT: Chronic dosage of rats for 20 days with non-toxic doses of 

different monoamine oxidase inhibitors had clearly differential 
effects on brain biogenic amines and spontaneous motor activity. No 
correlation could be seen between behavioral and biochemical effects 
of the drugs. 

INTRODUCTION 

Although the enzyme monoamine oxidase [MAO, E.C. 1. 4.3.4, 
monoamine :02 oxidoreductase (deaminating)] has been known for almost 
50 years, the role(s) it plays in various body functions are still 
only poorly understood, as evidenced by a recent sympsoium (Costa 
and Sandler, 1972) . The discovery of the antidepressant potency of 
iproniazid, and its subsequent introduction into clinical medicine 
in the therapy of depressed states was a major pharmacological 
development of the 1950's (Pletscher, 1968), leading to the production 
of a host of drugs acting as monoamine oxidase inhibitors (MAOI) . 

One of the most perplexing aspects of the MAOI drugs has been an 
inability to explain their actions on behavioral phenomena in terms 
of the changes they produce in brain levels of serotonin (5HT) and 
norepinephrine (NE) (Longo, 1972). In the present paper, we have 
compared the effects of 20-day chronic dosage to rats of four chemically 
different MAOI's on brain levels of NE, 5HT, and 5-hydroxyindole-3- 
acetic acid (5HIAA) . In addition, behavioral activity in an open 
field was sampled throughout the dosage period. 

W.TERIALS AND METHODS 

Experimental subjects were 20 adult, male Sprague-Dawley rats 
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(Hormone Assay Laboratories, Chicago, IL) weighing 320-350 grams at 
the start of the experiment, and maintained in single cages on Purina 
lab chow and tap water ad libitum . 

Drugs were administered as solutions in distilled water made to 
concentrations such that 0,1 ml/ 100 g. body weight contained the 
desired doss. Injections were made subcutaneously at the same time 
(0930-1030 hrs) each day. 

Body weights were recorded daily prior to each dosage. Estimation 
of open-field activity was made in 15 minute periods prior to dosage, 
using the procedure of Maickel and Johnson (1973). Animals were 
sacrificed by decapitation on the 21st day, 24 hours after the last 
dose of NIAOI, Brains were removed and stored at -10° C until assayed 
for NE, 5HT and 5HIAA by the method of Miller £t a^ (1970). All data 
is reported as mean +^S.E.M.; statistical comparisons are by the 
student "t" test. 

RESULTS 

The doses of drugs were selected for use based on lack of toxicity 
observed in other studies in this laboratory. Body weight measur((- 
ments over the course of the experiments show no significant effects, 
nor did gross observation of the body organs at sacrifice show any 
obvious pathology. 

Effects of the chronic dosage with MAOI's on open field behavioral 
activity are demonstrated by the data shown in Table 1. Animals 
treated with isocarboxazid exhibited significantly greater activity 
than control animals from the 6th day of treatment until the end of 
the experiment. Pargyline-treated animals showed elevated activity 
on the 6th and 9th days of dosage only, while the animals treated 
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with SU-11,739 were unaffected. Tranylcypromine-treated rats showed 
a generally decreased activity as compared to controls, significantly 
lower only on the 9th and 18th days. 

Table 1. Behavioral and Biochemical Effects of Chronic Dosage of 
MAOI's to Rats. 

Open field activity measured as described in Materials and Methods. 
Animals were tested on days 3, 6. 9, 12. 15. 18 prior to daily dosage, 
and killed 24 hours after the last (20th) dose of drug. Values are 
mean + S.E.M. of values for 4 animals. 


Test Day 

Control 

Isocarboxazid 

Pargyline 

Su-11,739 

Tranyl cypromine 

3 

106+ 7 

80+14 

105+ 4 

103+ 6 

88+14 

6 

79+ 4 

110+14^ 

129+10® 

95+18 

86+10 

9 

77+ 4 

106+ 9® 

128+15® 

77+ 5 

59+ 2° 

12 

62i 8 

97+12^ 

69+ 5 

72+ 5 

55+ 9 

15 

66+ 8 

103+ 5^ 

66+10 

69+ 4 

54+ 4 

18 

654^10 

98> 9^ 

66+^ 6 

731 ^ 

47+ 3® 

Brain 

NE 

0.52^.02 

0.71+.04® 

0.95+.04® 

1.04+.09^ 

0.95+.03® 

5HT 

0.63+.03 

1.03+.06® 

1.17+.13® 

1.77+.18® 

1 . 86+ . 09® 

5HIAA 

0.62+.04 

0.62+.03 

0.56+.09 

0.36+.02® 

0.30+.02*’ 


^ = Significant elevation (p <.05) compared to control. 

^ = Significant depression (p <.05) compared to control. 


The brain levels of NE, 5HT and 5HIAA on the 21st day are also 
shown in Table 1. Isocarboxazid and pargyline both elevated brain NE 
and 5HT significantly with decrease in 5HIAA. In contrast, both Su- 
11,739 and tranylcypromine not only elevated brain levels of NE and 
5HT but also significantly reduced the levels of 5HIAA. Of particular 
interest is the observation that an increase of brain 5HT of 60-90% 

(as produced by isocarboxazid and pargyline) is not reflected in a 
significant decrease in 5HIAA. while increases of brain 5HT of 180- 
200% (as produced by Su-11,739 and tranylcypromine) are accompanied by 

reductions of 40-50% in 5HIAA levels. 

DISCUSSION 

The behavioral effects of the drugs were quite dissimilar and 
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could not be correlated to changes in brain amines. The effects of 
isocarboxazid and pargyline on 5HT and 5HIAA were not significantly 
different; however, pargyline-treated animals had a significantly 
higher level of NE. While the increases in NE produced by pargyline. 
Su-11,739 and tranylcypromine were virtually identical, the latter two 
compounds had a markedly greater effect on 5HT. In fact, while iso- 
carboxazid and pargyline did cause a significant elevation of brain 5HT, 
neither compound showed an associated depression of 5H1AA. as did Su- 
11,739 and tranylcypromine. Even though the inhibition of MAO was only 
sufficient to reduce 5HIAA levels by 50% or less, elevations of as much 

as 200% in 5HT levels were observed. 
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TASTE PHENOMENA INFLUENCES ON STIMULATION 
OF DEPRIVATION-INDUCED FLUID 
CONSUMPTION OF RATS* 

R. P. Maickel and G. J. MALONEvt 

Department of Pharmacology. Medical Sciences Program. Indiana University. Bloomington, Indiana 4740! 

(Accepted 21 January 1974) 

Summary — ^The dipsogenic actions of barbital and chlordiazepoxide are selectively influenced by 
the taste of the consummatory fluid presented to deprived rats. The potency of barbital as a con- 
summatory stimulant is reduced relative to distilled water or tartaric acid by the use of a pleasant 
tasting fluid, saccharin. The potency of chlordiazepo.xide as a dipsogenic agent was reduced by the 
use of either tartaric acid or saccharin as a consummatory fluid as compared to water. Promazine 
depressed deprivation-induced fluid consumption with a similar potency regardless of the consum- 
matory fluid used. 

A previous paper from this laboratory (Maickel and Webb, 1972) described the influence 
of consummatory fluid taste on the reduction of fluid consumption by deprived rats. Both 
(-f )-amphetamine and methapyrilene were less eflective in reducing con.sumption of a 
pleasant-tasting fluid (saccharin) and an unpleasant tasting fluid (tartaric acid), compared 
w'ith the reduction in consumption of “neutral” tasting distilled water. In contrast, atropine 
was more effective against the pleasant taste and less effective against the unpleasant taste 
when compared to distilled water. In all cases the drugs had a similar action, that is, a 
reduction in the volume of fluid consumed as compared to baseline consumption, regard- 
less of the taste of the consummatory fluid. 

More recently, this laboratory reported on the effects of a variety of depressant drugs 
on deprivation-induced fluid consumption (Maickel and Maloney, 1973). In contrast to 
the earlier studies with cholinergic agents (Gerald and Maickel, 1969), antihistamines 
(Gerald and Maickel, 1972), amphetamines (Maickel, Cox, Ksir, Snodgrass and 
Miller, 1970), and phenothiazine tranquilizers (Maickel, Gerald. Warburton and 
Mahju, 1968). the depressant drugs stimulated consumption of water by deprived rats. The 
present paper describes studies of the actions of three depressant drugs: barbital, chlordia- 
zepoxide, and promazine, as influenced by the taste of the consummatory fluid. 

MATERIALS AND METHODS 

Adult male Sprague-Dawley rats (300-350 g) (Murphy Breeding Laboratories, Plain- 
field, Indiana) were used in all experiments. The animals were maintained on tap water 
and Purina Rat Chow ad lib. for at least 1 Week after arrival in the laboratory. All solutions 
for injection were made up in glass distilled water such that a dosage volume of 01 ml 


♦ Supported by USPHS grants MH-I46.S8 and KO2-MH-4108.t and by NASA grant NGL-J 5-003-1 17. 

+ Talcen in part from a thesis submitted by G. J. Maloney for the M.S. Degree in Pharmacology. Indiana Uni- 
versity (1973). 

763 


98 




R. P. Makm 1 and G. J M m.oni 'i 


7(i4 

per IOOr body weight contained the desired dose; all injeclions were given intraperi- 
toneally. 15 min prior to placing the animals in the drinking cages. 

Fluid consumption was measured basically as described by Gl rald and Maic kel 
( 1 9691 . Rats were placed in cages. 1 7-6 x 17 6 x 35*2 cm. identical to their home cages. The 
test cages were suspended in individual compartments of a sound-proofed box with uni- 
form fluorescent litihtina. Constant circulation of air by blowers maintained uniform tem- 
perature in the compartments; the noise output of the blowers served as uniform white 
noise Each caae contained a drinking tube connected to an external 50 ml burette filled 
with ’the appropriate fluid at the start of each run. As the animal consumed the 
fluid, the change in volume was recorded by vi.sual observation to the nearest 0- 1 ml, 
The front door of each compartment was equipped with an eyepiece lens to permit visual 
observation of the rats without disturbing their behavioural performance. Rats were 
deprived of water for 23 hr prior to testing and then placed on the drinking cages and 
allowed to drink for I hr. Food was available ad lih. in the home cages, but was not avail- 
able in the drinking cages. 

Drug trials were started only after the animals demonstrated stable baselines (less than 
5% daily variation) of water intake. The schedule for drug studies was arranged so that 
the rats were run daily, with druas administered every 4th day and placebo doses on the 
intervening days. Fluid intake was recorded at 15, 30 and 60 min of the consummatory 
sessions; the greatest proportion of drinking occurred in the first 1 5 min in all cases. 

Consummatory test fluids w'ere distilled water or solutions of saccharin (0-2%), or tar- 
taric acid (0-5%) in distilled water. Three groups of eight rats were run first on distilled 
water, and all three drugs were tested. When a baseline had been re-established for each 
group on one of the other test fluids, the effects of all three drugs were tested on that con- 
summatory system. For each drug, ii = 6-8: an » of less than the ma.ximum value indicates 
a malfunction of the apparatus or sickness or death of an animal, All results are expressed 
as the mean ± S.D. of the volume consumed in the drug test .session divided by the volume 
consumed on the pre-drug day x 1 00. i.e. the percent consumption. Thus, each animal 

served as its own control. ... , . ^ 

Dose-response curves were fitted for each drug on the test fluids by the method of least 
squares”. The slopes of the lines were determined by linear regression and the value of 
the RD 25 was obtained. This value is an estimate of the dose of a particular drug which 
would be required to produce a 25% change in fluid intake during the test session. Values 
for slopes and RD 25 values and statistical comparisons were determined as described by 

Cox (1 970). 

RESULTS 

Effects of consummatory fluid taste on barbital action 

The data in Table I are those obtained when dose-response studies of the dipsogenic 
actions of barbital were performed using water, saccharin, or tartaric acid. All three doses 
of drug exerted a significant dipsogenic effect, regardless of the consummatory fluid. The 
RD 25 values for barbital were similar with values for water or tartaric acid, but were sig- 
nificantly higher {P < 0 05) for saccharin. The slopes of the log dose -response curves for 
water and tartaric acid were similar; that for saccharin was significantly lower [P < 005). 

Effect of consummatory fluid taste on chlordiazepoxide action 

In this test system, chlordiazepoxide. like barbital, also had significant dipsogenic action 
at all doses tested. The data in Table 2 show that chlordiazepoxide was most effective as 
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Tablt: i. EfTcct of taste phcnonietia on barbiial effects on deprivation-induced fluid consumption 




Barbital 

Pre-drug 

Drug 

Percentage of 

RD,5 


Fluid consumed 

f] 

(mg/kg. i.p.) 

(ml ± S.D.) 

(ml ± S.D.) 

Pre-drug 

Img'kgl 

Slope 

Water 

8 

20 

15-5 ± 1-5 

18-5 ± 3-2 

1 19 4 12-2* 




8 

40 

17-7 -1- 2 1 

230 + 2-6 

1.30 4- 8-4* 

27-3 

-t-78'1 


7 

80 

I4’6 + 2'7 

22-7 + 1-5 

166 ± 12'8* 



Tartaric acid 

8 

20 

11-4 -h 2'2 

14'C) + 1-7 

125 ± 18'U» 

24-1 

4-63-1 

(0-5%) 

8 

40 

11-4 ± 2-.3 

15-1 -f 2'8 

1,36 ± 33-4* 

7 

80 

10'2 -i- 0 83 

16-5 ± 2-3 

163 4 32-3* 



Saccharin 

8 

20 

23'7 ± 3'6 

28-5 + 3-1 

120 4- 9’9* 


4-23-3 

fO-2%) 

8 

40 

23'9 -f 3-7 

30 0 ± 5-3 

126 + 131* 

35-6 

7 

80 

21-8 ± .3-1 . 

27-7 ± 6-3 

134 ± 28-5* 




Animals were treated as described in Methods section: drug was administered 15 min prior to start of drinking 
session. Results are expressed as mean ± S.D. of the values obtained. Statistical comparisons were made by the 
• correlated t-test for paired scores; significant difTererices from the corresponding pre-drug values {P < 005) are 
• indicated by*. 


Table 2. Effect of taste phenomena on chlordiazepoxide effects on deprivation-induced fluid consumption 


Chlordia- 




zepoxide 

Pre-drug 

Drug 

Percentage of 

RD:!5 

Slope 

Fluid consumed 

n 

(mg/kg. i.p.) 

(ml ± S.D.) 

(ml ± S.D.) 

Pre-drug 

(mg'kg) 

Water 

8 

3-75 

14-0 4- 2-4 

18-2 ± 4 0 

130 ± 18-4* 


4 38-2 

8 

7-5 

14-8 4 - 2-0 

2I-5 + 2-I 

-145 + 25-8* 

2-6 


8 

15-0 

15-.3 4 1-8 

23-4 ± 1-8 

153 ± 2H* 



Tartaric acid 

8 

3-75 

lO-O 4- 2-5 

12-0 ± 2-3 

120 ± 17-4* 


+ 33-2 

(0-5%) 

8 

7-5 

10 4 + 1-5 

13-3 ± 2-0 

128 ± 24-1* 

5-5 

8 

15-0 

10-3 ± 1-8 

14-4 ± 3-0 

140 ± 1.3-.5* 



Saccharin 

8 

3-75 

21-8 + 2-6 

26-8 + 3-2 

124 + 18-0* 



(0-2%) 

8 

7-5 

21-9 ± 5-6 

29-6 ± 6-2 

145 + !4'9* 

4-7 

+ 91-4 

g 

15-0 

22-9 ± 2-8 

40-6 + 5-7 

179 + 30’1* 




Animals were treated as described in Methods section; drug was administered 15 min prior to start of drinking 
session. Results are expressed as mean i S.D. for the values obtained. Statistical comparisons were made by the 
correlated f-test for paired scores; significant differences from the corresponding pre-drug values (P < 0 05) are 
indicated by*. 


Table 3. Effect of taste phenomena on promazine effects on deprivation-induced fluid consumption 




Promazine 

Pre-drug 

Drug 

Percentage of 

RDj5 

Slope 

Fluid consumed 

n 

(mg/kg, i.p.) 

(ml + S.D.) 

(ml ± S.D.) 

Pre-drug 

(mg/kg) 

Water 

8 

2-5 

19-2 + 2-6 

17-0 + 2-3 

89 + 8-5 


-48-2 

8 

5-0 

19-2 + 2-2 

13-4 + 2-6 

74+ 7-0* 

4-7 


8 

100 

16-7 + 2-2 

10-1 ± 3-6 

60+ 9-8* 



Tartaric acid 

8 

2-5 

11-4 ± 2-0 

10-0 + 2-8 

86 + 14-4 


-39-9 

(0-5%) 

8 

5-0 

11-7 + 1-2 

9-0+ 1-6 

77 + 14-1* 

5-0 

8 

100 

12-4 + 2-2 

7-8 + 1-4 

64 ± 8-6* 



Saccharin 

8 

2-5 

24-2 + 4-1 

22-5 + 4-6 

93 + 101 

6-4 

-40-7 

(0-2%) 

8 

5-0 

24-4 + 4-5 

20-7 + 5-4 

85 ± 8-6* 

8 

100 

23-1 + 2-8 

14-5 + 6-7 

62 + 2-5* 




Animals were treated as described in Methods section; drug was administered 15 min prior to start of drinking 
session. Results are expressed as mean i S.D. of the values obtained. Statistical comparisons were made by the 
correlated f-test for paired scores; significant differences from the corresponding pre-drug values (P < 0'05) are 
indicated by*. 
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a stimulus for water and considerably less eflective for solutions of tartaric acid and sac- 
charin. The RDtj values for tartaric acid and saccharin do not difier signiiicantly from 
each other, but both are significantly difl'erent from that of water. As with barbital, the 
slopes of the dose-response curves were parallel for water and tartaric acid, saccharin 
solutions were significantly different (P < 0 05). 

Effect of cousumivaiory fluid lasie on pwmcizine action 

In the case of promazine, the drug depressed deprivation-induced fluid consumption, 
regardless of the fluid offered (Table 3). The efficacy for all three consummatory fluids is 
basically similar. Slopes of the dose- re.sponse curves are parallel, and RD.j values are not 
significantly different for all three fluids. 


. discussion 

A number of previous reports from this laboratory have indicated that a variety of drugs 
depress deprivation-induced fluid consumption by rats (Maickel ei «/., 1 968 : Gerald and 
Maickel, 1969; Maickel. et ai, 1970; Gerald and Maickel. 1972). More recently, we 
have shown that a variety of sedative, hypnotic and anxiolytic drugs have an opposite 
effect, i.e. they stimulate fluid consumption by deprived rats (Maickel and Maloney, 
1973). In addition, a previous report also described the effect of taste phenomena on the 
action of several dr u as that depress deprivation-induced fluid consumption. 

In the present report, the effects of three drugs are examined for their ability to alter 
the deprivation-induced consumption of distilled water, tartaric acid or 0-2 o sac- 
charin. These three consummatory fluids represent a range of tastes from plea.sant (sac- 
charin) throuah neutral (distilled water) to unpleasant (tartaric acid); the volume con- 
sumed bv deprived rats is increased about 42"n (relative to water) by the use of saccharin, 
and decreased about 33(1 „ (relative to water) by the use of tartaric acid. The drugs chosen 
for this study also represent a diversity of pharmacological activities ranging from barbitah 
a long acting sedative, through chlordiazepoxide, an anxiolytic agent, to promazine, a mild 

antipsychotic. . . , . .■ 

The results obtained with the various drugs on deprivation-induced consumpUon ot dis- 
tilled water are similar to those previously reported, i.e. barbital and chlordiazepoxide 
stimulate consummatory behaviour, while promazine depresses it. When barbital xyas 
tested with other consummatory fluids, the results (see Table 1) demonstrated that the 
effects of the drug were influenced by pleasant taste. Thus, the slopes of the dose response 
curves for barbital with water and tartaric acid solution was similar; the doses required 
to elicit at 25% increase in volume consumed were virtually identical. By contrast, when 
the pleasant tasting saccharin solution was used as a consummatory fluid, the dose-re- 
sponse curve was much shallower, and consequently the RD25 dose was higher, suggesting 
that the stimulatory action of the drug was less effective. j • ■ j 

In the case of chlordiazepoxide, the 'dose - response curves for water and tartaric acid 
were again parallel, although the RD25 dose required for tartaric acid was more than 
double that required for water (Table 2). However, when the saccharin solution was used 
the slope of the dose-response curve was much steeper, although the RD.s dose leU 
between those for water and tartaric acid. In the case of promazine, all three consumma- 
tory fluids behaved in a similar manner, with dose-response slopes and RD25 values not 
differing from each other. 
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In \ ic\v of the previous report from this laboratory on taste phenomena (Maickkl and 
Wkbu. 1972). the present work adds a further dimension emphasizing the importance of 
standardizing conditions when using behavioural test systems involving fluid consumption 
or the thirst drive. While lhe.se drug elTects do not delineate gustatory phenomena as 
oppo.sed to drug eflccts on the thirst drive or on satiety centre, they certainly demonstrate 
the necessity for uniformity in test systems. Gro.ssman (1967) reported a number of diver- 
gent conclusions on thirst-associated phenomena or consummatory behaviour: a variety 
of consummatory fluids of varying tastes were used. 

Of particular interest is the ob.servation (Table 2) that chlordiazcpoxide works best when 
the consummatory fluid is the plcasant-tasling saccharin solution. This mu.st be considered 
in discu.ssing the punishment attenuation hypothesis propo.sed for screening an.xiolytic 
agents (Geller and Shifter. 1960. 1962: Gellhr. Hi’kak and Shifter. 1962). In view of 
the dipsogenic action of anxioly tic agents (Maickel and Malonev, 1973). and this stimu- 
latory effect of chlordiazcpoxide on a pleasant tasting fluid, the possibility of a simple over- 
ride of the punishment must be considered. 


AckiiowU'iliiL-nwius — Tlie authors wish to thank the following manufacturers for generou.sh siippl\ing the drugs 

used in this study: chlordiazcpoxide (Librium'*'! • Hoffmann La-Roche. Inc. and promazine hydrochloride 

(Sparine'®)— Wxeth Laboratories. 
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SUMMARY 

Melatonin and its benzo[b]thiophene analog were labeled by acetylation of 
the corresponding 5-methoxyarylethylamines with ^H-acetic anhydride. 

The benzo[b]thiophene analog had a much higher lipid solubility. When 
administered to rats, both compounds disappeared from plasma and tissues 
by first-order decay. The dispositions were similar, with the higher 
lipid solubility of the benzo[b]thiophene -analog resulting in higher tissue: 
plasma ratios, especially in adipose tissue, kidney and liver, and longer 
half-lives in plasma and tissues. 


Melatonin (N-acetyl-5-methoxytryptami.ne, MLT) was first identified by 
Lerner and collaborators in 1959 (1). It has been found in the pineal 
glands of a variety of mammalian and avian species (2) and in the peripheral 
nerves and urine of humans (3). More recently, several papers have reported 
the fate of exogenously administered MLT in cats (4) and rats(5). In the 
present paper, we report on the comparative physiological disposition of 
MLT and its benzo[b]thiophene analog (5-methoxy-3-(B-acetaminoethyl )benzo- 
[b]th1ophene, MLT-S) in rats. 

MATERIALS AND METHODS 

MLT and MLT-S were prepared from their respective 5-methoxyapy1 ethyl amines 

1 A preliminary report has been presented. The Pharmacologist 15^:257 (1973). 

^ This research was supported in part by USPHS grants K02MH-41083 and NS-09762 
and NASA grant NGL 15-003-117. 
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by reaction with ^H-acetic anhydride as described by Campaigne and Dinner (6); 
the specific activities obtained were 4.1 mCi/mmole. The compounds were 
administered by i.v. injection in aqueous solution (0.5 ml/rat, containing 
50 uCi of and 12 unioles of compound) to 16 adult, male, Sprague-Dawley 
rats weighing 300 grams. Four animals were sacrificed at 0.25, 0.5, 1,0 and 
2.0 hrs. after dosage, and blood and tissues were collected and frozen until 
analysis. 

3H-HLT and ^h-HLT-S were determined by a modification of the procedure 
described by Kopin, et ^ (4). Tissues were homogenized in 3 volumes of 
0,05 N NaOH; plasma was diluted 1:1 with 0.05 N haOH. Homogenate or diluted 
plasma (2.0 ml) were added to 50 ml glass-stoppered centrifuge tubes contaitiing 
15 ml of reagent grade toluene. The tubes were stoppered, shaken for 5 min. 
then centrifuged for 10 min. The aqueous layer was removed and discarded, 
and duplicate 5.0 ml aliquots of the toluene were removed and added to 
scintillation vials containing 7 ml of toluene, 8 ml of ethylene glycol 
monomethyl ether, 1.6 g of naphthalene and 80 mg of BBOT. The samples were 
counted in a Packard TriCarb Model 4322 Liquid Scintillation System. Results' 
were converted to ng/g tissue. Decay curve slopes were determined by linear 
regression. 

Randomly selected aliquots of the final toluene phase from various tissues 
and times v/ere evaporated to dryness, the residues were taken up in a small 
volume of methanol and applied to Analtech Silica Gel G precoated plates. 
One-dimensional TLC was carried out using the solvent system B as reported 
by Bosin and Wehler (7). Radiochromatogram scanning of the plates, using a 
Packard Model 7200 Scanner, revealed that >85% of the radioactivity applied 
to the plate resided in a single spot corresponding in R^ to authentic MLT or 
MLT-S. No other peaks of radioactivity were observed that were significantly 
greater than the background level of noise. 
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TABLE 1 

Time Course of Disposition of MLT and MLT-S in Rat Tis sues_ 
ng Compound/g TissueAS.D. 


Tissi;<J 

Compound 

0.25 hr 

Plasma 

MLT 

1806^ 120 


MLT-S 

1650^ 223 

Adrenal 

MLT 

2036+^ 123 


MLT-S 

3970;^ 579 

Brain 

MLT 

131U 200 


MLT-S 

2467j^ 218 

Fat 

MLT 

613;^ 106 


MLT-S 

1988^ 354 

Heart 

MLT 

1840+_ 136 


MLT-S 

2671+ 490 

Intestine 

(Duodenum) 

MLT 

2064+ 300 


MLT-S 

2140+ 281 

Kidney 

MLT 

3606;^ 230 


MLT-S 

11694^1713 

Liver 

MLT 

2270;^ 332 


MLT-S 

6313j+ 524 

Lung 

MLT 

1388j^ 262 


MLT-S 

2736+ 361 

Muscle 

MLT 

2212^ 241 


MLT-S 

1543;^ 229 

Spleen 

MLT 

1286j^ 190 


MLT-S 

1350+ 153 

Testes 

MLT 

1687;^ 179 


MLT-S 

2101+ 379 


0.5 hr 

1.0 hr 

2,0 hr 

"1/2 

min. 

746;^121 

82^ 14 

6.9+ 2.8 

12 

73m52 

228 ^ 39 

21 +^6.4 

18 

1096j^258 

294+ 42 

33 +^10 

18 

1911;(^293 

803+159 

81 +15 

20 

707+ 82 

104+^ 20 

8.2+ 2.6 

14 

927^^194 

348+ 90 

34 +9.1 

16 

334+^ 97 

37+^ 16 

2.1+ 0.5 

13 

1713+^318 

764;|^116 

158 n6 

29 

856;a02 

113+ 18 

6.9+ 2.3 

13 

1156;^260 

484j^ 97 

44 +9.7 

17 

1194^^205 

285+ 77 

16 +5.0 

15 

1167;^267 

628+118 

166 ;^29 

20 

2281+390 

245j^ 41 

20 +5.8 

14 

5168+762 

2566+440 

240 +76 

19 

1272+208 

192;^ 47 

18 ^4.6 

16 

2878+367 

1097+184 

196 j^48 

35 

84 7^^125 

145^ 11 

33 +^5.1 

18 

1201+135 

505+108 

78 n6 

21 

788j^l55 

112+ 12 

5.5+ 2.1 

13 

750+132 

229+ 37 

25 +3.5 

19 

770+^241 

82+. 16 

7.2+^ 3.5 

14 

662+127 

317j^ SO 

26 +7.8 

J9 

1230+ 32 

321+ 17 

45 +^5.6 

15 

1487+294 

558+ 35 

73 +19 

22 
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RESULTS AND DISCUSSION 

The data obtained for the tissues examined are presented in Table 1, 

Of particular interest is the fact that the tissue levels achieved by the 
benzo[b]thiophene analog at 15 minutes after dosage are higher for every 
tissue except muscle; this is reflected in a lower plasma level at that time. 
Kidney, liver and fat show the highest MLT-S/MLT ratios at 15 minutes. The 
half-life values are longer for MLT-S than for MLT in plasma and all tissues. 
Statistical comparison of the slopes of the decay curves for MLT and MLT-S 
indicate that fat, liver, muscle and plasma are different for the two analog. 

These results suggest that both the endogenously occurring indolic compound 
and the foreign benzo[b]thiophene analog are handled in a similar manner by 
the body, the differences presumably being due to the higher lipid solubility 
(benzene: pH 7.4 distribution values were MLT = 8.2, MLT-S = 610) of the MLT-S. 
Ruffin, et ^ (8) have shown that MLT can be bioassayed by its ability to 
produce distinctive night coloration in the pencil fish, Nannostomus beckfordi 
an omalus . More recently, Reed (9) found that MLT-S was about one-tenth as 
potent as MLT in this test system, although both compounds had a similar 
toxicity. The biological activities of the two analogs have not yet been 
examined in mammals. 
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ABSTRACT 

1.4-Butanediol had a significant sedative effect on rats at i.p. dosages 
>300 mg/kg. The LD 50 w^s 1328 mg/kg. Effects of the drug on spontaneous 
motor activity was Diphasic; doses of 50-200 mg/kg significantly reduced 
activity, while doses of 300-400 mg/kg produced loss of righting reflex. 

No increase in liver triglycerides was seen even at doses of 1000 mg/kg/day 
for 14 days. 


INTRODUCTION 

The compound 1 ,4-butanediol (1.4-8D) has numerous uses, for example, 
in the manufacture of polyurethanes and polyvinylpyrrolidone (Freifeld and 
Hart. 1966) as a curing agent in vulcanization (Athey, 1959). as a plasticizer 


1 


2 


A preliminary report of thi 
Toxicology (Toxicol. Appl. 


s material has been presented to the Society of 
Pharmacol. 25:461, 1973). 
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for thermoplastic polymers (Farbenindustrie. 1943) as a softener and moistener 
for gelatin, cellophane and speciality papers (Aniline. 1964). as a mold-inhibiting 
humectant in tobacco products (Drucker. 1962), a component of cigarette 
filters (Toney. 1969). and in the preparation of flavoring and perfume solutions 


(Levinson, 1968) and suppositories (Kawamura aj_. . 1968). In fact. 1 ,4-BD 
has such widespread use that it has been considered by Knyshova as an environ. 


mental pollutant (1968). 


Despite this widespread usage, the literature contains little information 
on the pharmacology and toxicology of 1,4-BD. Sprince et. al_. (1966) have 
reported the i.p. LD50 in rats to be 1.00 g/kg, while Rowe (1963) reported a 
p.o. LD50 in rats of 1.78 g/kg. Hinricks (1948) reported toxic 

effects of 1,4-BD in man, but Sprince et. ai. (1966) suggest that this may 
have been due to a contaminant. 2-butyne-l ,4-diol . the raw material used in 
the manufacture of 1 ,4-BD. 

1.4-BD has been demonstrated to have a significant depressant action on 
the central nervous system, presumably through the action of a metabolite, 
c-hydroxybutyric acid (GHB) (Maxwell and Roth, 1972; Roth and Gairman, 1968); 
both the parent compound and GHB have effects on the rat EEG (Sprince al., 
1966). Guidotti and Ballotti (1970) have reported that loss of righting 
reflex correlated better with brain concentrations of GHB than 1,4-BD. 

The present paper reports on some preliminary pharmacological data 
obtained with 1,4-BD in rats. The results indicate that 1,4-BD is a unique 
sedative drug, quite dissimilar to ethanol. 


MATERIALS AND METHODS 

Adult, male Sprague-Dawley rats (300-350 g) were obtained from Murphy 
Breeding Laboratories. Plainfield, Indiana. Animals were maintained for 
7-10 days prior to experimental use on an ad lib diet of Purina Lab Blox and 
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tap water. 

1,4-BD (Research Grade) was purchased from Matheson Coleman and Bell 
and administered by i.p. injection as the pure compound or as solutions in 
distilled water such that the volume of injection was 0.1 ml per 100 g body 


weight. 

Spontaneous motor activity was measured in Woodard Actophotometers. 
Liver triglycerides were determined using Harleco kits. 


RESULTS 

Preliminary results in the rat indicated the i.p. LD50 to be 1328 mg/kg 
a value somewhat higher than that reported by Sprince et. al. (1966). No 
deaths were seen at doses below 1000 mg; doses of 1600 mg/kg or greater were 

an LD-iqq. 

The loss of righting reflex after a singlfe dose was dose dependent, as 


shown by the data in Table 1. 


TABLE 1 

Loss of Righting Reflex in Rat s Given 

Dose H 

mg/kg,T.p. 

250 8 

500 12 

1000 12 


Various Doses of 1,4-BD 

Duration of L.R.R. 
mintS.E.M. 

0 

105+ 4.6 
318±21.8 


While no loss of righting reflex was observed at 250 mg/kg, a significant 
effect was seen on rotorod performance at doses as low as 200 mg/.kg (Table 2). 
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TABLE 2 

Rotorod Performance in Rats Giv en Various ._Do ses of 1 .4-B D 
Dose 

mg/kg, i.p. 

50 
100 
200 
300 
400 

SlalUrly, significant effects were seen on spontaneous motor activity 
at closes as low as 50 mg/kg, i.p.. PHhoogh the dose-response curve was 
clearly biphasic as shown in Figure 1. with virtually a complete abolition 

of activity at doses of 300 or 400 mg/kg. 

When rats were dosed with 1 ,4-BD daily for periods up to 14 days, a 
peculiar adaptation to the effects of the drug were observed (Table 3). 

The duration of loss of righting reflex was significantly lower with the 
fourth dose; further dosing did not lower the duration of action at all. 

Measurement of liver triglycerides in the rats treated with daily 
doses of 1,4-BD as described in Table 3 indicated no significant change 
from control levels, a sharp contrast to the actions of ethanol under a 
similar dosage regimen. In addition, the effects of 1,4-BI), in .combination 
with pentobarbital or chlorpromatine. on loss of righting reflex, are merely 
additive. 
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N 


15 

n 

11 

6 


Failures 
1 

37.4 
36,8 

55.4 
100.0 


m 


VOL.8, N0.1 
MAY 1974 


Research Communications in 
Chemical Pathology and Pharmacology 


FIGURE J < 



FIGURE 1: pfects of 1 ,4-Butanedlol on Spontaneous Motor A ctivity of Rats. 

Each value is the mean of 6-8 rats; vertical bars ■jncHcate ± S.’U. 

TABLE 3 

Variation I n Duration of 1,4-BD Narcosis with Repeated Dosage 

Duration of Loss of Righting Reflex 


Day 

# of doses 

500 mg/kq, 
min±S ,E.M. 


1000 mg/kq, 
min+S.E.M. 


1 

105+ 4.6 

(12) 

318+21,8 

02) 

4 

78+10.3 

( 7)* 

191± 4.5 

(8)* 

7 

87+ 5.6 

(6)* 

210+ 6.0 

( 5)* 

14 

79+ 5.8 

( 3)* 

189+8.5 

{ 2)* 


Significantly different from day 1 (p <0.05) 
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DISCUSSION 

Although 1 ,4-BD appears structurally to be a dimer of ethanol, the only 
pharmacological similarity between the two compounds appears to be in their 
depressant potency. 1 ,4-BD is active at doses of >50 mg/kg, i.p.; the activity 
depends on the parameter being measured. Thus, a reduction in spontaneous 
motor activity is seen at 50 mg/kg; retorod performance is imparied at 200 
mg/kg; and loss of righting reflex occurs at 250 mg/kg. The dose-response 
data for rats treated with 1 ,4-BD is most intriguing, reflecting a biphasic 
type of response (Figure 1). At doses of 50, 100 or 200 mg/kg, 1.4-BD causes 
a significant decrement in activity; at doses of 300 or 400 mg/kg, activity 
levels are zero since the animals lose their righting reflex. 

Another interesting phenomena was observed when rats were given daily 
doses of 1 ,4-BD for 14 days. Under these conditions, the duration of loss 
of righting reflex was significantly reduced by the 4th dose, although no 
further reductions in effect were observed over the remainder of the dosage 
period. In this regard, it was of interest that no significant elevations of 
liver triglycerides were observed over this period of treatment, a striking 
contrast to many reports on the actions of ethanol on liver lipids. In this 
regard, it is also interesting that the effects of combined dosages of 1 ,4-BD 
with pentobarbital or chlorpromazine have a merely additive effect on loss of 
righting reflex. Thus, it seems that the CNS actions of 1 ,4-BD may be sufficiently 
unique to justify further examination as a potential pharmacological agent. 

In this regard, the studies of Sprince et. al_. (1966) and Roth and Gairman 
(1968) indicating that the CNS depressant effects of 1,4-BD may be mediated 
by its conversion to a-hydroxybutyric acid are most interesting. Certainly, 
the Therapeutic Index in rats as a potential anesthetic (LD 50 /ED 5 Q for loss 
of right reflex >60 minutes) is intriguing since it appears to be <4.0. 
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Intestinal transport of tryptophan and its analogs 


TM MAGE R BOSIN UAVID R. HATHAWAY, AND ROGER V MAltREL 

•>/.■.« Sc..,c. «■'»» 


Bosin, Talmage R., David R- Hathaway, and Rogi^ R 
Maickel. hiMiml iramport of tryptophan and its_ -J* 

Phvsiol 228(21; 496-500. 1975.— A comparative study of the 

intestinal iranspor't of DL-tiTP'ophan and its ^ 
(irrotophan-l-id and benzo[b] thiophene (tryptophan-^j ana- 
iS has Uth carried out in vitro, using the everted intestinal sac 
ofllL rat and hamster. Both tryptophan and tryptophan-5 are 
activelv transported across the intestine, while tryptophan-1-. _ 
b nof acliveK transported. The active transport of t.^ptophan . 
compctitivelv inhibited by tryptophan-5, suggesting a similar 
carrfer, while tryptophan-l-;i/s is not an 

transport, suggesting little or no interaction ^ 

The transport of tryptophan and lryptophan-5 is dtprt.ssed at 
concentratkins (10 mM), and all three ammo acids pioduce 

subtle alterations in the barrier properties of the sacs, as evidence 

by increased letraethylammonium bromide- C dilTusion. 
active transport; aromatic amino acids 


1 -mcthvlindole (tryptophan- 1-jI/e) (Ibj and bcnzo[b]thio- 
phene (iryptophan-5J (Ic) analogs, wc have studied the 
role of the indole nucleus in active intestinal transport 
in the rat and golden hamster. 


COOH 

'Y' 

NH= 


following the revival by Wilson and Wiseman (22) 
of the everted intestinal sac tcchnique.s, developed by Reid 
(18), a great body of literature has accumulated concerning 
the carriers involved in the active transport of ammo acids 
across the intestinal epithelium. Antedating methodo ogy 
for elucidating active processes, Berg and Bauguess in 1934 
m were firs! to note differences in absorption among 
tryptophan isomers and acetylated derivatives in the rat. 
Wiseman (24), using the everted sac technique, was un- 
iable to demonstrate, active accumulation of L-tryptophan 
iat a concentraiion of 20 inM. Howei^r, Spencer and 
'Samilv (20) showed active tran.sport of L-lryplophan to 
i occur 'in hamster intestinal sac at low’ concentrations, with 
! uptake dropping off to zero at higher concentrations. This 
ip^Kn^hL been confirmed by other invesbga^s 
: Ld attributed to to.xicity (20), depression (7), and i 
' recently, to a bidirectional flux characteristic of the earner 

’ mechanism (10). . ^ r 

■ Despite 20 yr of study of the active transport of ammo 

i acids in the intestine, a satisfactory understanding of the 
^ role of structural factors in tryptophan mam^ort has not 
: been forthcoming. At present, invesligpions have denaon- 
^ Strated the primary role of the a-carboxyl and a-am no 
' groups (19) and have shown rather conclusively that 

’highly polar or charged substitutions on the aromatic 

; ringi-educe transportability (LI). These findings prompted 
! Wiseman (23) to state, in a rece^^ review of ammo acid 
! transport, that the aromatic systcnil^ms^o be of emm- 
I paratR’cK- Utile in^portance, provided^at iTdo^not bear 

a charge. _ c Hoi itc 


la. X = NH 
111. X = Xt’Ib 
Ic, X = 


MATERIALS AND METHODS 

Molerials. Animals were adult male Sixague-Dawiey 
rats, 280 g (Murphy Breeding Laboratories, PJainheid, 
Ind!) and adult male golden hamsters, 150 g (Engle Lab- 
oratory Animals, Inc., Fannersburg, Ind.). DL-Tryptophan 
[side chain-2, 3-»H] and ictraclhylaminonium bromidc- 
l-'^C (TE.A) of specific activities 1 Ci/mmol and 1 mGi, 
mmol, respectively, were purrha.sed from New England 
Nuclear Corp., Bo.ston, Mass. oL-Tryplophan-l-Mf and 
DL-tryptophan-5 w’crc uniformly tritium labeled by New 
England Nuclear Corp.. with respective specific activities 
of f93 mCi' inmol and 3 Gi/'mmol. The purity of all labeled 
compounds was confirmed by thin-layer ^hromaiography 
(2) scanning the plates with a Packard model 7200 radio- 
chromatogram scanner. Unlabeled DL-tryptophan was 
purchased from Sigma Chemical Co., Inc., St. Louis, 
Mo., and DL-tryptophan-l-Mf and DL-tr>^Mophan-5 were 
prepared bv standard procedures (4, 25). The purity of all 
unlabelcd compounds was confirmed by thm-layer and 

gas chromatography. j-r- „ 

Methods, In all everted sac transport studies a modifica- 
tion of the method of Wilson and Wiseman (22) em- 
ployed. Animals were anesthetized with Nembutal (8-10 
mg/kg, ip), laparotomy was ijcrformed, and 4-cm seg- 
ments of ileum beginning 5 cm from the ileocecal valve 
were removed .sequentially and individually with ligation 
of neighboring blood vessels to prevent excess blood loss. 
The modification insured the elimination of temporal in- 
cubation differences among sacs, i.e., the first sac was 
away from an intact blood supply the same length of lime 
as the last. Typically, five sacs were prepared from each 
animal, 'Eversion of sacs was performed m isotonic saline 
at 23°C oh a glass rod; any adventitious succus was gently 

1 washed from the mucosal surface. All sacs were filled with 

- 0 4 ml of lest solution, ligated, and placed in incubation 

- vessels containing 5 ml of identical lest .solution. Incuba- 
tions were carried out in an Aminco-Dubnoff metabolic 


. tiuns were carnea out in an riuiu.w, 

tiSlofa ca.ninui..s.,u,dy ofiryplophan (la, and i» shakav a, 37 "C and 30 oscinauons/min. A direct oan-gen 
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Mipplv v.-fis provided for carh inrubaiion vc«;sel by ron- 
liiniuus !jubblingof ]00S oxygen through a Pasteur I'jpji'Ut' 
al an appruxiinaic rate of 20 ml min per vial. Iiicubaiions 
were carried out for 30 min. 

Evened sacs employed in viability investigations were 
prepared and incubated as above. At 15 min 2 /tCi ol 
teiraethylammonium bromide-l-**C (0,1 ml) were added 
to each vessel. 

All .solutions were prepared in a Krcbs-Hcnscleit bi- 
carbonate bufier stock, pH 7.4. To various concemraiions 
of unlabeled amino arid, tracer amounts of the labeled 
compounds were added to achieve 0.1 /iCi/ml. Nonab- 
sorbable phcnolsulfonphthalein, at a final concentration of 
0.014 mM, was added to the test solution for purposes of 
volume corrections. tJpon termination of the experiinent, 
0.2-ml aliquots of serosal and mucosal fluids were removed 
and added to counting vials containing the scintillation 
solution previously described (12) and counted in a Packard 
Tri-Carb model 4322 liquid scintillation system. Aliquots 
of serosal fluid, 0.1 ml, were diluted to 2.0 ml with 0.5 N 
NaOH and read on a Beckman DU spectrophotometer at 
554 nm. Similar spectrophotometric readings were obtained 
on the original stock solution, and the ratios of initial and 
final ab.sorbance values were used for volume correction. 
Tissue accumulation of amino acid was measured and 
used only for purposes of determining percent recovery of 
the labeled amino acid. Typical recoveries were 96-103 7c. 
The rales of transport were calculated as described by Lin 
et al. (11). 

i Slopes were determined by linear regression analysis. 
Comparisons of individual values were performed by the 
Student t test; slope and intercept comparisons w'ere per- 
formed as reported by Cox (8). 

RESULTS 

The data obtained from studies of the everted sac of 
rat or hamster, using DL-tryptophan and its analogs, are 
presented in Table 1. Transport of tryptophan-1 -Afr was 
not observed. For both tryptophan and tryptophan-^, 
the data do not follo\v standard Michaelis-Menten kinetics, 
primarily due to a drastic fall in transport rate at 10 mM. 
i This phenomenon has been reported for tryptophan (7, 20) 
and for other neutral amino acids at higher concentration 
: (13. 14). 

For tryptophan and tryptophan-S", Km and Vmax were 
determined by the Hofstee method in which the V*,„ax is 
represented as the y-intercept and Km is represented by 
the slope. Figure \A presents results for the rat where a 
A'„ of 1.70 mM and a V„.„ of 2.91 Mmol/g per 30 min for 
li'yptophan and = 2.03 mM and Vmax — 4.10 /imol/g 
per 30 min for tr>-ptophan-5 were determined. Statistical 
analysis of the differences in Km and Vmax values indicated 
that they were not significant at the 0.05 level. 

A similar plot for the hamster appears in Fig. 15 where 
the K„, of tryptophan was found to be 1.96 mM and the 
V„„x was found to be 3.33 fimol/g per 30 min, whereas 
! for tryptophan-5, Km was determined to be 2.49 mM and 
i ^^llax 'vas determined to be 4.63 /imol/g per 30 min. No 
statistically significant dilfercnce at the 0.05 level ^\as found 
I between the A„ and Vmax values or between respective 


T.tni.i: 1. Tiiwsjiiirt of tufHof'hdn 

and analogs by 


ein lcd sac jinj'.tiaiions 



" 

Initial Serosal 

Tri-nsported, 

Ot|nl>ound Species 

Conen, mM 

,,mol/B per 30 min 

oi. -Tryptophan Rat 

0.1 

0.16±0.02 


0.5 

0.65±0.03 

- 

1.0 

1.11 ±0.03 


3.0 

1 ,85±0.21 


5.0 

2.18±0.05 


10.0 

1.90±0.09 

DL-Tryptophan-5 Rat 

0.1 

0.19±0.02 


0.5 

0.82±0.05 


1.0 

1.28±0.04 


3.0 

2.54±0.14 


5.0 

2.42±0.21 


10.0 

1.67±0.12 

DL-Tryptophan- Rat 

0.1 

-0.014:0.003 

\-Mc 

1.0 

-0.06±0.02 


5.0 

-0.46±0.14 

DL-Tryptophan Hamster 

0.1 

0.17±0.01 


0.5 

0.63±0.03 


1.0 

1.15±0.10 


3.0 

2.02±0.18 


5.0 

2.45±0.09 


10.0 

2.03±0.10 

DL-Tryptophan-iS Hamster 

0.1 

0.18±0.01 


0.5 

0.76±0.17 


1.0 

1.30±0.06 


3.0 

2.60±0.08 


5.0 

2.72±0.2l 


10.0 

1.94±0.13 

DL-Tryptophan- Hamster 

0.1 

-0.02±0.005 

\-Me 

1.0 

-0.06±0.03 


5.0 

-0.88±0.1l 


Each value is the mean ± SD of five sac preparations. Transport 
(in /tmol/g per 30 min) was calculated as described in .materials 

AND SCETHODS. 



FJG. 1. Hofstee plots of transport of tryptophan (-0-) and irypto- 
phan-5 (-•-) by isolated evened sacs of rat (Fig. \A) and harmter 
(Fig. \B)- Each point is mean of 5 sacs; vertical bars are db SD. 


117 


498 


ncj.SlN, H.Vl'IIAW.W, h I I 




TAHLli 3. Cfilipiiiisim vf txlnn'inental mul 
jitedicted iuimjnnt vdodlies 


Tryptophan 
Tryptophan 
Tryptophan 
Tryptophan -S 
Tryptophan -S 


1 2“ 1 2 

(hicrotoles/c/30 mi«)/(milli»les/l) 

FIG. 2. Hofstec plots of transport of tryptophan in presence of 
varying concentrations: 0 (-0-), 1 niNf ^ 

tryptophan-5 by isolated everted sacs of rat (Fig. 2d) and hamster 
(Fig. 2B). Each point is mean of five sacs; vertical bars are ± bU. 

TABLE 2. Transport of tryptophan in the presence of 
tryptophan- T Me in the rat and hamster 

Tryptoph5°-t-.lf< Conen 


Tryptophan 
Conen, inM 

1 mMi 

imiol/g per 30 min 

10 mM, 

^mo)/g per 30 mm 

0.1 

0.11 * 0.03 

0.15 * 0.02 

1 .0 

1.15 * 0.13 

1.09 * O.IO 

0.1 

0.15 * 0.01 

0.14 * 0.02 

1.0 

1.11 * 0.10 

1.09 * 0.14 



JCxptI Velocity 

C\'e). 

Predicted 

Velocity 

mM 

r,inol/K.l>cr 

(Vp), pniol/g 


3U min 

per 30 mm 

5 

2.18*0.05 

2 17 

10 

1.90*0.09 

2.50 

3 

2.54*0.14 

2.46 

5 

2.42*0.20 

2.92 

10 

1.07*0.12 

3.40 

5 

2.45*0,09 

2.38 

10 

2,03*0.10 

2.78 

3 

2,60*0.08 

2.51 

3 

2.72*0.21 

3,06 

10 

1.94*0,13 

3.68 







100±2. t 
7n±3.» 
I03±5.7 
83±0,a 
4'J±3.5 

103±3.l 
73d=3.7 
104 ±3. 2 
8‘)±G.‘t 
53±3.4 


rr- . 1. „ 9 444-0 09 2. JO 

Hamster Tryptophan a o'mlo 10 2 78 73*3.1 

Hamster Tryptophan 10 2.03±0.tu 4./o , , 

Hamster Tryptophan 3 2.60*0.08 2.^ 

Hamster Tryptophan-.^ 5 /.72rfcO,21 

Kamsle^ 

Ea^hTaiuelT thTmean * SD of five sac preparations. 

TABLE 4. Transintestinal diffusion of tetraethylammonium-]-'*C 
{TEA) in the presence of varying concentrations of 
tryptophan and its analogs .. 

Tryptophan JVypli^ban -l-3fe Tr yptop han-g 


SlliS” 1.0 l.n±0.10 1.09 ±0 .14 

Each v^c is the mean * SD of five sac preparations. Transport 
(in Mmol/g per 30 min) was calculated as described m materials 
and methods. 

K„ and values of the tryptophans .when compared 

between the two animals. 

Figure 2A presents the kinetics of tryptophan transport 
in the rat in the presence of tryptophari-5. Competitive 
inhibition is observed, with the Vmax remaining constant at 
all inhibitor concentrations (indicated by I values on the 
graph) while K,„ changes. Similar results are obtained m 

the hamster and appear in Fig. 2B. 

Tryptophan- 1-jWe was unable to inhibit tryptophan 
transport (Table 2). In the presence of 1 or 10 mM trypto- 
phan-l-M«, the rate of tryptophan transport at 0.1 or 1.0 
mM docs not change. Statistical analysis of these values 
compared to tryptophan at zero inhibitor concentration 
indicates no statistical difference at the 0.05 level. 

Considering the problem of decremental transport at 
high initial concentrations, Table 3 lists experimental 
velocities of tryptophan and tryptophan-5 and the cem- 
responding predicted values obtained by the use of the 
Michaelis-Menten equation. The last column expresses 
the percent predicted value of the experimenta y e 
termined velocity. It can be seen that deviation from pre- 
dicted velocity occurs for tryptophan-5 at 5 mM and for 
tryptophan at approximately 10 mM. Statistical compari- 
son of the deviation at the 5 mM and 10 mM points indi- 
cated a significant difference (P < -05) between the two 

compounds. . - i j j 

N’iability studies, at high concentration-induced dccre- 
mcntal transport, were conducted by measuring the percent 


Hamster 0* 
Hamster 1 
Hamster 5 
Hamster 10 
Hamster 20 


0.65 

±0.07 

0.66 

*0.04 

0.64 

*0.07 

1.48 

* 0.22 

2.31 

*0.34 

3.69 

*0.89 

3.46 

*1.08 

3.60 

*0.78 

8.29 

*0.77 

12.85 

*1.00 


% Control 

% Doset 

% Ppse_ 
% Control 

% Dose 

% Duse _ 
% Con 1 rail 

1.0 

0.65 

1.0 

0.65 

f.O 

*0.07 


*0.07 

1.0 

1.0 

0.64 

1.0 

0.64 

*0.06 


*0.07 

1.6t 

1.0 

0.64 

1 .0 

1.03 

*0.05 


*0.09 

3. It 

2.3t 

0.70 

1.1 

2.01 

*0.13 


*0.30 

6.3t 

3,6t 

1.67 

1.6t 

4.13 

*0.11 


*0.45 


1.0 

3.69 

1.0 

3.69 

1.0 

±0.89 


*0.89 

1.0 

1.0 

3.63 

1.0 

3.51 

*0.91 


*0,80 

1 .8t 

1.0 

3.38 

1.0 

6.56 

*0.64 


*0.78 

2 .8t 

2 .2t 

4.02 

l.l 

10.46 

*1.02 


*1.09 

6 ,6t 

3.5t 

5.86 

1 .6t 

24.30 

*0.95 


*2.51 



Each value is the mean * SD of five sac 
trol = diffusion of TEA when aini-.iO acid 

t Significant difference (P < 0-65 from control and sig.nfica^ 
difference (P < 0.05) from other values m horizontal row. 4 /o 
Dose = % total TEA diffusing from mucosal to serosal compart- 
ment in 13 min. 

total dose diffusion of the relatively nondiffu.sable and 
inert compound, TEA, from the mucosal to serosal com- 
partment during the last 15-min period of a 30-min in- 
cubation in the presence of varying concentrations oi the 
amino acids. These data were then correlated with histo- 
logical evidence of sac disintegration. The premise was that 
a nondisrupted lipid epithelial border should serve as an 
effective barrier to transopithelial diffusion of the higli y 
Dolar TEA; this has recently been confirmed (17). Similar 
methodology has been employed by Gibaldi and co- 
workers (9) in evaluating everted -sac viability with good 

• results. 
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Triblt* 4 s)i(t\v.s ilic iTSiills of lilt' im t'Migatipn. The rolumn 
pcrrcm dose pem'iit control is a ratio of Ihc mean values 
of TEA dinvision at \arinus amino acid rontentra lions to 
the mean diflusion value at zero amino arid concentration, 
the control. Statistical comjjarisons tvere made between 
the actual percent dose values sliown in the first rolumn 
under each compound. Ratio.< greater than 1 indicate a 
net increase in diflusion over the control. For tryptophan-5, 
a net increase in diffusion is seen to begin at 5 mM with 
progressive increase in direct correspondence to concentra- 
tion. Significant diffusion in the presence of tryptophan 
does not begin until 10 mM and for the 1 -methyl derivative, 
increased diffusion is first noted at 20 mM. Histological 
evidence of sac disintegration, obser\ ed as epithelial swell- 
ing, disruption of cell borders, and sloughing, was noted 
only at the 10 and 20 mM concentrations for tryptophan 
and iryptophan-5. This will be described in detail in a 
future report. 

DISCUSSION 

Selective molecular alterations might alter transport- 
ability in several ways. First, there may be stereochemical 
and electronic effects. The replacement of the indole nu- 
cleus by benzo[b]thiophene results in a molecule that is 
similar sterically to indole but electronically distinct due 
to the involvement of 3d orbitals on the sulfur atom (3), 
while the 1-methylindole analog resembles indole elec- 
tronically but differs sterically due to the pre.sencc of the 
bulky methyl group. Additionally, indole possesses the 
capability of hydrogen bonding at the 1-position which is 
absent in the analogs. 

A second way in which substitution might alter transport 
would be through alteration of the acid/base properties 
of the a-COOH and a-NH 2 groups. Studies by Christensen 
and Oxender (6) have indicated that modest alterations of 
pKa values have slight effect on transport. Tryptophan and 
its sulfur and 1 -methyl analogs do not differ greatly with 
respect to p/f„ values of the a-carboxyl and a-amino 
groups (5). 

Finally, transportability may be affected through a 
polarity change in the aromatic system, leading to differ- 
ences in lipophilicity. Partition coefficient determinations 
have shown that the order of lipophilicity of the compounds 
is in the order: tryptophan-5 > tryptophan-1 > 
tryptophan (5). 

It is evident that stcric bulk at the 1 -po.sition of the indole 
nucleus differentiates tryptophan and tryptophan-5 from 
tryptophan-1 -Af«. The fact that tryptophan-5 and trypto- 
phan- 1-A/^ are more lipophilic than tryptophan as indi- 
cated by their partition coefficients, yet the 1-methyl de- 
rivative is not actively transported, gives greatest support 
to steric factors in the transport mechanism. These findings 
contradict earlier thinking emphasizing the importance 
of aromatic ring system lipophilicity and the unimportance 
of nonpolar structural changes in determining transporta- 
bility (11). 

When compared to the studies of Cohen and Huang (7) 
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D-isonier nor with 1 1 other amino acids tested at the same 
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range of concentrations, when compared to a control, 
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centrations as low as 20 mM, This we take as evidence of 
toxicity, although the exact nature of the to.vic effect is 
at the present time unknown. 
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DIFFERENTIAL EFFECTS OF aMT ON ANORECTIC AND STIMULATORY 
ACTION OF AMPHETAMINES 
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Bloomington, Indiana 47401 

ABSTRACT 

Pretreatment of rats with a dosage regimen of aMT that has no effect on 
the anorectic action of a single dose of 2 mg/kg of d-amphetamine or meth- 
amphetamine causes a marked reduction in the rate of continuous avoidance 
responding evoked by that same dose. Similar pretreatment followed by a 
dose of 8.0 mg/kg of benzphetamine was without effect on the drug's action 
on both systems. 

INTRODUCTION 

Since the first studies of the action of d-amphetamine on anorectic 
and central stimulatory behavior (Lesses and Myerson, 1938; Prinzmetal and 
Alles, 1940), a large amount of research effort has been placed in attempts 
to separate the two actions of drugs in the amphetamine series. A recent 
symposium contains a variety of papers reviewing various aspects of this 
problem (Costa and Garattini , 1970). In addition, Cox and Mciickel (1972) 
have reported a detailed comparison of the two activities of a large number 
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of phenyl ethyl amines, using reduction of deprivation-induced food consumption 
as a measure of anorectic potency and increase of continuous avoidance respond- 
ing as a measure of central stimulatory potency. Since Miller, al_ (1970) 
had reported that aMT pretreatment could reduce the stimulatory effect of 
d-amphetamine, it seemed reasonable to do a comparative study of several 
amphetamines in animals pretreated with aMT. 

MATERIALS AND METHODS 

Adult, male Sprague-Dawley rats (Hormone Assay Laboratories, Chicago) 
were used in all experiments. Details of animal handling, drug dosage, 
behavioral testing, and statistical processing of data may be found in the 
paper by Cox and Maickel (1972). Treatment with oMT was as reported by 
Miller, ^ al. (1970). Brain NE and 5HT were determined as described by 
Maickel, et ^ (1968). 

TABLE 1 

Effect of gMT Pretreatment on Brain Levels of NE and 5HT 
Each value is the mean + S.D. of results obtained from 4 
animals given 150 mg/kg (i.p.) of aMT as a suspension in 
peanut oil at 48, 36, 24 and 12 hours prior to the zero 


time point. 


Hours After Last Injection 

Brain NE 

Brain 5HT 


pg/g 

pg/g 

Control 

0.46 + .05 

0.63 + .06 

6 

0.28 + .09* 

0.70 + .09 

12 

0.20 + .03* 

0.68 + .09 

24 

0.21 + .04* 

0.64 + .04 

48 

0.30 + .03* 

0.62 + .07 

♦Significantly different from 
by the Student "t" test.* 

control (p < 

.05) as determined 
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RESULTS 

The effects of pretreatment with aMT in the dosage regimen described by 
Miller, et ^ (1970) are shown in Table 1. As can be seen from the data, a 
maximal reduction (to approximately 45% of control values) was maintained 
over the period 12-24 hours after the last dose. Accordingly, all behavioral 
testing was performed during this time period. 

TABLE 2 

Effect of aMT Pretreatment on Anorectic Action of Amphetamin e^ 

Drugs were administered 12 hours after the final dose of aMT. 

Each value is the mean + S.D. of values obtained from 6 animals, 
each animal serving as its own control. 

Compound (dose-mg/kg) 

Saline 

60 + 7* 

53 + 13* 

66 + 16* 


No Pretreatment 
100 + 8 


d-Amphetamine (2.0 mg/ kg) 
Methamphetamine (2.0 mg/kg) 
Benzphetamine (8.0 mg/kg) 


aMT Pretreatment 
% “ 
87 + 1 r 

58 + 12?* 

55 15?* 

68 + 12 ?* 


♦Significantly different from saline (p < .05) as determined by the 
Student "t" test. 

^No signigicant difference from non-pretreated animals (p > .05) as 
determined by the Student "t" test. 

?*No significant difference from non-pretreated animals (p > .05) as 
determined by the Student "t" test, but siomficantly different 
from saline with aMT pretreatment (p < .05). 

When animals were pre treated with aMT, then given a single dose of 
d-amphetamine, methamphetamine, or benzphetamine, the results obtiined on 
deprivation-induced food consumption are shown in Table 2. It is clear that 
the oMT pretreatment had no effect on the anorectic activity of the amphet- 
amines. The pretreatment itself had a slight, but non-significant, action 
on food consumption. 
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TABLE 3 

Effect of nMT Pretreatment on Stimulatory Action of Amphetamines 
Drugs were administered 12 hours after the final dose of aMT. 
Each value is the mean + S.D. of values obtained from 6 animals, 
each animal serving as its own control. 


Compound (dose-mg/kg) No Pretreatment aMT Treatment 

% 5o 


Saline 

100+17 

94 + 11 

d-Amphetamine (2.0 mg/kg) 

259 + 49* 

67 + '20^ 

Methamphetamine (2.0 mg/kg) 

287 + 51* 

63 + 23'*' 

Benzphetamine (8.0 mg/kg) 

•97 + 12 

93 + 17 


♦Significantly different from saline (p < .05) as determined by the 
Students "t" test. 


^Significantly different from non-pretreated animals (p < .05) as 
determined by the Students “t" test. 

In sharp contrast to these results are those obtained for continuous 
avoidance responding. The data obtained (in response to amphetamines) when 
animals were pretreated with oMT are presented in Table 3. Pretreatment 
with oMT had no significant effect on the rate of avoidance responding per. 

but such pretreatment completely abolished the increased responding 
usually evoked by d-amphetamine and methamphetamine. Benzphetamine did not 
evoke stimulation in control animals; aMT pretreatment did not alter these 
results. 

DISCUSSION 

The ability of amphetamines to produce two different pharmacological 
effects: appetite depression and central stimulation, has been known for 

many years. The precise role(s) of norepinephrine in these actions of 
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amphetamines has also been a continuing area for research. Weissman, et ^ 
{1966} have shown that aMT pretreatment antagonized the^ effect of amphetamine 
on conditioned avoidance behavior. Moore, ejt ^ (1967) in a subsequent publi- 
cation, attributed some effects of ^MT to non-specific toxicological phenomena 
of the agent, especially when given in massive single doses. A previous 
publication from this laboratory (Miller, et al^, 1970) has shown that use of 
a multiple-dosage schedule of more modest doses of permits marked reduction 
in brain NE levels to be achieved, with no toxicity and only a slight perturba- 
tion of normal behavior. 

The possible role(s) of brain NE in mechanisms related to food consumption 
have also been the subject of some study. Many- of the studies have been 
reviewed in the publications by Morgane (1969), Grossman (1967), and Myers 
(1974). In this regard, it is of interest to note that the actions of amphet- 
amine on food consumption can be altered by hypothalamic lesions (Cole, 1966) 
and that aMT treatment can reduce the rate of lever pressing for food by rats 
(Beaton and Crow, 1969), although this latter effect may be confounded by a 

concommitant decrease in motor activity. 

The data presented herein show that a pretreatment regimen of aMT that 
lowers brain NE by approximately 55% has clearly separable effects on the 
anorectic and stimulatory actions of several amphetamines. Under these condi- 
tions, the central stimulatory actions of d-amphetamine and methamphetamine 
are completely abolished, while benzphetamine, which has no stimulatory acti- 
vity at the dose tested, is not influenced by the aMT treatment. In contrast, 
the lowered brain NE levels have no effects on the anorexigenic actions of all 
three agents. The obvious question to be raised with regard to these results 
is whether they point to the possibility of developing new anorectic agents 
making use of this differential effect. 
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ABSTRACT 


Pretreatment of rats with the MAO inhibitor pargyline prevents the 
metabolic destruction of 5HT and NE released in the brain by a subsequent 
dose of reserpine, and high levels of the amines remain in the brain. Under 
these conditions, the hypersecretion of ACTH usually evoked by reserpine does 
not occur. The elevated levels of brain 5HT and NE produced by MAO inhibition 
do not cause ACTH hypersecretion nor do they prevent the ACTH hypersecretion 
caused by exposure to cold or administration of sedative doses of chlorpromazine. • 


Previous reports have indicated that sedative doses of reserpine evoke 
a hypersecretion of ACTH in rats, similar to that produced by exposure to low 
environmental temperatures (Maickel ^ al_., 19bl; Westermann ^ aX» 1962). The 
characteristic response includes decreased adrenal ascorbic acid and increased 
plasma corticosterone, liver tryptophan pyrrolase (TPO) and adrenal gland weight. 
Similar effects were produced in rats by sedative doses of the Rauwolfia alkaloids 
raunescine and rescinnamine, the reserpine analogue syrosingopine, or the 
benzoquinolizine Ro 4-1284 (2-hydroxy-2-ethyl -3-isobutyl -9, lO-dimethoxy-1,2,- 
3,6,7-hexahydrobenzo(a)quinolizine). Id contrast, isoreserpine, the 
pharmacologically inactive stereoisomer of reserpine, failed to evoke a 
pituitary-adrenal response. 

The ACTH hypersecretion evoked by reserpine was shown to be independent 
of the sedation caused by the drug (Martel et 1962). For example, pretreat- 
ment of animals with desmethylimipramine antagonized the reserpine-induced 
sedation without preventing the decline in brain amines or the hypersecretion 
of AGTH. The current paper explores the antagonism of reserpine-induced ACTH 
hypersecretion by the monoamine oxidase (MAO) inhibitor pargyline (MO 911, 
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N-methyl-N-benzyl-2-propynylamlne). Evidence 1s presented that this antagonism 
Is related to the level of brain biogenic amines maintained during the course 
of action of the drug. Pretreatment with MAO Inhibitors does not affect the 
ACTH hypersecretion evoked by cold-exposure or chlorpromazine. lending further 

support to the hypothesis that reserpine-tnduced ACTH hypersecretion Is related 
to brain amine changes. 


materials and methods 

Experimental procedures were performed with unanesthetized adult male 
Sprague-Dawley rats (250-300 g). The animals were allowed food and water ad 
Mb. and maintained as previously described (Maickel et al_, 1961). Reserplne, 
as the lyophlltzed phosphate salt, was dissolved In 0.5 ml water and Injected 
Into the tail vein. Chlorpromazine, pargyline, and Ro 4-1284 were dissolved 
In distilled water and Injected Intraperltoneally. Control animals were 
Injected with saline or distilled water. Animals were stunned and then 
limiedlately decapitated. Blood was collected Into beakers containing heparin, 
transferred to tubes, and centrifuged Immediately. Plasma samples for corti- 
costerone assay were stored at -10°C. For the assay of liver TPO, adrenal 

ascorbic acid, and brain 5HT, NE and MAO. tissues were removed and stored at 
-10°C. 


^mical metj^. Adrenal ascorbic acid was determined by the method 
of Maickel {I960); plasma corticosterone by the method of Guillemin (1959) 
and liver TPO Knox (1951); brain 5HT and NE by the method of Maickel ^ al 
(1968); and brain MAO activity by the method of Weissbach (1960). 

Pa rameters £ ituitary-adr enal stimulation . The following indices of 
pituitary-adrenal stimulation were measured; a fall in the level of adrenal 
ascorbic acid, a rise in the level of plasma corticosterone, and an increased 
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activity of liver TPO. The limitations and advantages of each of these indices 
have been discussed in a previous paper (Maickel et al* 1961). In scjrie 
experiments the changes in plasma corticosterone levels were used as the sole 
index of pituitary-adrenal hyperactivity. 

RESULTS 

Effect of pargyline on brain levels of 5HT and NE and on pituitary- 
adrenal system . The administration of a single dose of pargyline (25 mg/kg, 
i.p.), or two doses 18 hours apart, did not affect the levels of adrenal 
ascorbic acid, plasma corticosterone, or liver TPO (Table 1). Brain levels 
of 5HT and NE were markedly increased and brain MAO activity was inhibited 
by >95%, as determined by the method of Weissbach ^ a1^ (1960). 

Effects of pre treatment with pargyline on reserpine-induced ACTH hyper- 
Sficretion. m previous communication reported that pretreatment of rats with 
pargyline prevented both the sedation and the ACTH hypersecretion induced by 
reserpine (Martel et a1 , 1962). The results in Table 2 show that administration 
of reserpine to rats pretreated with pargyline (25 mg/kg, i.p.) caused little 
change in brain 5HT and NE levels in 6 hours. The animals did not show the 
sedation characteristic of reserpine and there was no evidence of ACTH 
hypersecretion. 

When rats were pretreated with smaller doses of pargyline, the subsequent 
administration of reserpine produced a variety of results (Table 3). In some 
animals, MAO inhibition was not sufficient to prevent the immediate metabolism 
of the amines released by reserpine. These animals became deeply sedated in 
3 hours. At that time, brain levels of 5HT and NE had fallen markedly and 
there was a pronounced hypersecretion of ACTH. In other animals, the MAO 
inhibitor was only partially effective in protecting the released amines; 
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in these animals, the sedative action of reserpine was delayed. In 6 hours, 
sedation was apparent; however, the brain levels of 5HT and HE had not fallen 
to minimal values and no ACTH hypersecretion was observed. Finally, a 
third group of animals was observed in which the MAO inhibitor protected 
most of the released amines from destruction; 6 hours after reserpine, the 
animals showed only a slight sign of sedation. In these animals, reserpine 
had no significant effect on pituitary-adrenocortical activity. 

Dose-response relationship of pargyline antagonism gl ^’ese^^pi^e-induced 
ACTH hypersecretion . Previous papers have shown that a number of reserpine- 
llke compounds lower brain amine levels and cause ACTH hypersecretion in rats 
(Malckel 1961; Westermann ^ al^. 1962). One striking similarity in 

these data Is that the brain levels of amines must be depleted below 50% of 
the normal level in order to observe hypersecretion of ACTH. When rats pre- 
treated with varying doses of pargyline were given reserpine, only those 
animals in which the level of brain amines fell below 50% of the control animals 
showed ACTH hypersecretion (Table 4). If the dose of pargyline was sufficient 
to protect the reserpine-rel eased amines to the extent that the levels of 5HT 
did not fall to values below 50% of normal, there was no measurable pituitary- 
adrenal stimulation. 

Lack of effect of pargyl ine pretreatment on ACTH hypersecretion induce d 
by other stressful stimuli . Previous papers from this laboratory have described 
the ACTH hypersecretion evoked by cold-exposure or administration of chlor- 
promazine (Maickel ^il, 1961; Smith ^al* 1963). From the data in Table 5 
it Is evident that pretreatment of rats with pargyline had no effect on the 
ACTH hypersecretion induced by cold-exposure or chlorpromazine. Inis is in 
striking contrast to the antagonism of reserpine action produced by pargyline 
and lends further weight to the hypothesis that the action of reserpine on 
the pituitary-adrenocortical system is mediated through an effect of the drug 



DISCUSSION 


The studies presented in this paper lend further evidence that the 
ACTH hypersecretion caused by reserpine and reserpine-llke drugs Is related 
to the effects of the drugs on brain monoamine storage. A previous 
papeT (Westermann et 1962) has noted that these drugs produce ACTH hyper- 
secretion only when given In doses that lower the amine stores below 50% of 
normal, regardless of whether this was achieved by administration of a single 
large dose or repeated smaller doses. In animals pretreated with pargyline 
(in doses which block brain MAO activity by 95%) administration of reserpine 
does not lower the level of brain amines. Although reserpine impairs the 
storage of 5HT and NE, the liberated amines are protected from the degradative 
action of MAO; due to their poor lipid solubility they can diffuse across the 
bloOd-brain barrier into the blood stream only very slowly. Thus, high levels 
of free amines remain in the brain for a long period of time. 

The relationship of pituitary-adrenal hyperactivity to depletion of brain 
amines to values below 50% of normal, first noted with reserpine alone, has 
also been observed in pargyl ine-treated animals. The possible significance 
of this is not immediately apparent. In the rat. the whole brain is used for 
the determination of 5HT and NE; the assay method measures the amines as if 
they were uniformly distributed throughout the entire brain. Perhaps this 
level of amines in a brain homogenate is equivalent to a complete depletion 
of the amines in one or more specific areas of the brain, or perhaps it is 
related to an imbalance of amines and consequently of neural function in some 
specific neuronal circuits. 
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The observation that pretreatment of rats with an MAO inhibitor does not 
prevent the stimulatory effects of cold-exposure or chlorpromazine on the 
pituitary-adrenal axis may also suggest that the hypersecretion of ACTH 
evoked by reserpine is due to interference with storage processes for brain 

biogenic amines. 
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TABLE 1 


Effects of Parqyline on Brain Levels of 5HT and NE and On Pituitary-Adrenal Parameters 

Numbers in parentheses represent number of animals studied. All values are means + S.D.; 
underlined values are significantly different from controls (p < .05). Measurements were made 
18 hours after the last dose of pargyline. 



Adrenal 

Ascorbic 

Acid 

Plasma 

Corticosterone 

j 

i 

1 

1 

liver TPO 

Brain 


5HT 

NE 


mg/ 100 g 

ug/ml 

ymol/g liver/ hr 

wg/g 

yg/g 

Control (20) 

447 + 41 

0.15 + .05 

3.2 + .36 

0.45 + .04 

0.46 + .04 

Pargyline (13) 
one dose 
25 mg/ kg 

451 + 40 

0.16 + .05 

2.9 + .38 

0.69 ± .06 

0.60 + .04 

Pargyline (15) 
two doses 
25 mg/kg i.p. 
18 hours apart 

453 + 46 

0.19 + .04 

3.0 + .27 

1 

1 

1 

0.80 .06 

0.72 + .07 


TABLE 2 


Antagonism of Reserpine-Induced Sedati on and ACTH 
Hypersecretion by Pargyline 

Numbers in parentheses represent number of animals studied. All values 
are mean + S.D.; underlined values are significantly different from controls 
(p ><.05). Animals were pretreated with pargyline (25 mg/ kg i.p.) at 36 
and 18 hours prior to administration of reserpine (1 mg/kg i.v.). Brain 
amines and plasma corticosterone were measured 6 hours after reserpine. 



Plasma 

Corticosterone 

Brain 



5HT 

NE 

Sedation 


ug/ml 

pg/g 

ug/g 


Control (20) 

0.15 + .05 

0.45 + .04 


-- 

Pargyline (15) 

0.19 + .04 

0.80 + .06 

0.72 + .07 1 

No 

Reserpine (11) 

Pargyline + 
Reserpine (9) 

0.44 + .04 ! 

0.08 + .02 

0.07 + .03 

Yes 

0.12 + .03 

0.76 + .03 

0.55 .05 

No 



TABLE 3 

Effect of a Borderline Dose of Pargyllne on Reser pine-induced Sedation 

and ACTH Hypersecretion 

Humbers in parentheses represent number of animals studied. All values are mean + 5.0.; under- 
lined values are significantly different from controls (p <.05). Animals were given a single dose 
of pargyline, 18 mg/kg i.p.. 18 hours before administration of reserpine (1 mg/kg i.v.). All animals 

were killed 6 hours after reserpine. 



Sedation 

Plasma 

Bri 

iin < 


3 hours after 

6 hours after 

Corticosterone 

5HT 

NE 


Reserpine 

Reserpine 







ug/ml 

yg/g 

yg/g 

Control (20) 



0 15 + .05 

0.45 + .04 

0.46 + .04 






Pargyline (6) 



0.16 + .03 

0.62 + .03 

0.57 + .04 





Reserpine (11) 

Deep 

Deep 

0.44 + .04 

0.08 + .02 

0.07 + .03 

Pargyline * 






+ Reserpine 
I (10) 
II (10) 
III (11) 

Deep 

Slight 

None 

Deep 

Deep 

Slight 

0.39 ± .03 

0.20 ± .03 

0.19 + .04 

0.18 + .06 
0.17 + .05 

0.40 + .03 
O'. 53 + .03 

0.34 ± .03 
0.45 iTob 


Groups I, II and III were selected by visual observation of degree of 



TABLE 4 



Numbers In parentheses represent number of animals studied. All values 
are mean + S.D.; underlined values are significantly different from controls 
(p <.05). Reserpine v/as administered 18 hours after pargyline. Animals 
were killed 6 hours after reserpine. 


Pargyline 

Reserpine 

Plasma 

Corticosterone 

5HT 

J 

iiE 

Sedation 

mg/kg, i.p. 

mg/kg, i .v. 

yg/ml 

yg/g 

yg/g 


- 

- (20) 

0.15 + .05 

0.45 + .04 

0.46 + .04 

- 

10 

( 6) 

0.14 + .03 

0.58 + .03 

0.50 ± .02 

- 

10 

1 ( 6) 

0.37 ± .03 

hw4mwi*ym 


Yes 

25 

(13) 

0.13 + .03 

0.69 £ .04 

1 

0.'60 ± .02 

• 

25 

1 ( 9) 

0.15 + .04 

IilMUHitM 


No 

25 X 2 days 

(15) 

0.14 + .04 

0.80 ± .06 

0.72 + .07 

. ' 

25 X 2 days 

1 ( 9) 

0.12 + .03 

0.76 + .03 

0.55 £ .05 

No 















TABLE 5 

Failure of Pretreatment with Pargyline to Bloc k 
ACTH Hypersecretion Induced by C old-exposure 
or Chlorpromazine 

Numbers In parentheses represent number of animals studied. All values 
are mean t S-0- underlined values are significantly different from 
corresponding controls (p <.05). Animals were exposed to cold (40c) or given 
chlorpromazine (15 mg/kg. I.p.) IB hours after pretreatment with pargyline 
(2 doses. 25 mg/kg. I.p.. 18 hours apart), then killed 3 hours after chlor- 
promazine or after 2 hours of cold-exposure^ 

Plasma 

rone 



Control 

•' + Cold-Exposure ( /) 

•' + Chlorpromazine (10) 

Pargyline 

» + Cold-Exposure (13) 

•' + Chlorpromazine (9) 


0.15 + .05 
0.42 i .04 
0.39 ± 

0.14 + .04 
0.40 £ .03 
0.38 £ .03^ 
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pressor acUvity. reserpine rcdi-sd the pressor cfTect of tryptamine and ils 

3 Pretreatment increasing The effect of the 1-methyUndole anato^^^^ 


Introduction 


h^ochloride we« 


onTblock Jby morphin. and ... oU,.r by pb.noxy- 
‘’ThTeffect oftryptamine oh blood pressure was first 

09 ^ .xa*od .h. .ff.... of a 

EBr 


Method! 

Adolb mal. Spragua^Da^^^^^ 

Lab Chow and tap water ad lib for 7-10 days oeior 


and ""'French Laboratories. \-(2-Am«no- 

Department of Chemistry, Indiana University. 

Surgical procedure 
Animal, «... ““f 

traperitoneally 50mB/kg- phenoxybenzamine 

incisiOT attached to a 23 gauge needle, and connected 
“ree-way stopcock to a Statham strain 
model P23AA and to the pressure ^ot e of a mercury 
manometer system. The systern 
w/v NaCl solution containing hepann 1000 u/mh 
Strain gauge was connected to the coupler of an Offnw 
Type RB Dynograph (Beckman Instrument, Ino.), or, 
via a Bridge Preamplifier (Narco Biosystems, Inc.) to 

rp'.ysi;S.p. mnS.1 (^^Sy 

Inc ) The system was flushed briefly 
hTparin/salln. noWon, and blood pr.s.ur. r.«.rd.d 
to confirm the intact system. 
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Figure 1 Pressor effects of tryptamine 


,„d ,n.lo,ues. blood p,.ss^ 




The external jugular vein was then exposed for a 
itance of 1 to 1.5 cm. A cannula of PESO tubing 
IS inserted, attached to a 23 gauge needle and 
nnected via a three-way stopcock to a 3 ml syringe 
intaining a flushing solution of the heparm/salme 
lution used above, and a 1 ml syringe containing the 
St drug. 

isting method 

Est drugs were made up in the heparin/saline solution 
ich that a volume of 0.1 ml contained a specific dose 
f the drug. Each of four animals was given four doses 
r drug four times, in a Latin square design, over a 
Eriod of 1-2 hours. In addition, a Latin square was 
esigned based on the sequence of the four cycles, so 
-anil onimal received a different sequence of 


cycles. Reserpine (10 mg/kg i.p.) was given 22-26 h 
before testing. Phenoxybenzamine (5 mg/kg i.p.) was 
given 1.5 h before testing. 


Results 

In control animals tryptamine caused a significant 
pr»’:ssor response over a range of 125-1000 
Both of the analogues also showed a pressor eftect; 
tryptamine-S was less potent than tryptamine, while 
tryptamine- 1 -Me had a similar potency to tryptamine 
(Figure la). Transitory respiratory paralysis was seen 
occasionally after 500pg/kg and usuaUy after 
lOOOpg/kg of tryptamine ^nd tryptamme-S>. 
TrvDtamine-l-Mc was more toxic; 1000 and 
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500ng/kg invariably caused a fatal cessation of 
respiration. 

Pretreatment of rats with a single dose of reserpine 
reduced the pressor effects of typtamine and 
trypamine-S significantly (Figures Ib, c). Respiratory 
paralysis of brief duration occurred after the higher 
doses with both tryptamine and tryptamine-S. In 
contrast, the pressor responses to the doses of 
tryptamine- 1 -Me given to reserpine-treated animals, 
62.5, 125 and 250(ig/kg, were greater in the same 
doses than in normal animals (Figure 1 c). 

In animals pretreated with phenoxybenzamine, the 
pressor effects of all three compounds were 
significantly reduced when compared to their actions 
in control animals (Figures lb, c,d). Of particular 
interest is the fact that respiratory paralysis due to the 
pressor agents was a rare occurrence after phenoxy- 
benzamine pretreatment. 


Discussion 

The scientific literature contains a variety of references 
to the existence of tryptamine receptors (Erspamer, 
1954). However, it is difficult to extrapolate from 
responses of isolated preparations to those of the 
vasculature in the intact animal. While tryptamine 
may interact with its own specific peripheral 
receptor(s) to increase blood pressure, one cannot rule 
out the possibility of a centrally -mediated component. 

Since the dose-response curves were not parallel the 
relative potencies of the analogues depended to some 
extent on the dose. Tryptamine-S was less potent than 
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the other two compounds. Both pretreatments 
(reserpine and phenoxybenzamine) reduced the 
pressor effects of tryptamine and tryptamine-S. In 
contrast, reserpine pretreatment increased the pressor 
response to tryptamine- 1 -Me, while phenoxy- 
benzamine caused a decrease in the pressor activity of 
this analogue. These results argue against the three 
agonists acting on a single receptor. 

Chiu. Harrison, Maickel & Bosin (1973) have 
reported that the tryptamine analogues have lipid 
solubilities in the order: tryplamine-S > trypiamine-1- 
Me > tryptamine; the pKg values and percent ionized 
at pH 7.4 for the three agonists are virtually identical. 
Thus, the differences in pharmacological activity 
described in this paper cannot be due merely to 
physicochemical differences; therefore, the differences 
in potency must be due to differences in the 
mechanism(s) by which these agonists exert their 
effect on blood pressure. It has been shown that 
tryptamine does cross the blood-brain barrier 
(Erspamer, 1961). The physicochemical 
characteristics of the two analogues indicate that they 
should also cross the barrier. Thus, a central 
component may be involved. From the data presented 
here, it is impossible to speculate as to what type of 
receptor or combination of receptors is involved. 
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University, 1973. 
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avoidance respo^ing. In contrast, combined dosage oUaffeine polent.ated acuons of 
amphetamine, or benzphetamine, drugs normally shovking decreased avoidance p g- 
in combination with benzphetamine. caused a slight decrease in avoidance respond ng. 


Caffeine is generally considered to be a stimulant 
drug, with actions not too dissimilar in man from 
those of the amphetamines (Weiss and Laties, 1962). 
Since caffeine is chemically a member of the structural 
series known as xanthines, it also has the ability to 
inhibit the phosphodiesterase enzyme known to be 
responsible for the degradation of cyclic 3'5'-adeno- 
sine monophosphate (cyclic AMP) (Robison, Butcher 
and Sutherland 1971a; Robison, Nahas and Triner, 
1971b). A previous report from this laboratory (Cox 
and Maickel. 1972) compared the elTects of a variety 
of phenylethylamines on deprivation-induced food 
consumption and continuous avoidance responding 
in rats, Substitution of a chlorine atom in the para- 
position of amphetamine increased the anorexigenic 
potency with little effect on avoidance responding. A 
p-meth'yl group reduced anorexigenic potency and 
changed the effects on avoidance responding from 
stimulant to depressant. Substitution of either a 
chlorine or methyl group in the para-position of benz- 
phetamine reduced the anorexigenic potency and con- 
ferred significant depressant activity on the com- 
pound. Thus, it seemed of interest to examine the 
effects of the combination of caffeine and several 
amphetamines on the dual test system of deprivation- 
induced food consumption and continuous avoidance 
responding. 


MATERIALS AND METHODS 

All experiments were performed using adult, male 
Sprague-Dawley rats (Hormone Assay Laboratories, 
Chicago) weighing 2.'i0-300 g and maintained On a 
diet of Purina laboratory chow' and lap water ad lib. 
for at least 10 days prior to the beginning of exper- 


♦ Supported in part by NASA grant NGL 15-003-117. 
t Present address: Mead Johnson Research Center. 
Evansville. IN 47721. 


imental use. The behavioural methods and statistical 
procedures used were identical to those previously 
reported (Cox and Maickel, 1972). 

Free-feeding 

The rats were housed in individual metabolism 
cages (20.3 x 24,1 x 17.8 cm) with continuous access 
to water. Rats were deprived of food for 22 hr; thus, 
being required to consume their total daily ration in 
the remaining 2 hr. Dry Purina chow was available 
during this time in spill-proof jars and the rats were 
required to put their heads through a small hole in 
order to obtain the food. This feeding schedule was 
used for the duration of a particular experiment (8-10 
weeks). The establishment of a consistent day-to-day 
intake (15-20 g) took 10-14 days, during which time 
the rats lost 15-20^0 of their initial body weight. After 
base-line weights were attained, the weight of the rats 
did not change significantly for the duration of the 
experimental session. 

Groups of 24 rats were conditioned to the feeding 
schedule as described above. After base-line weights 
were established, the rats were divided into four 
groups of six rats each. Each group was tested with 
four doses of a single drug. All drugs were adminis- 
tered by iniraperiionc.al injection in volumes of 0.1 
ml/100 g of body weight. 30 min before the scheduled 
feeding time in order to allow sufficient time for onset 
of action of the drugs. Solutions of the drugs were 
prepared in distilled w'ater in concentrations such that 
0.1 ml/100 g of body weight resulted in the correct 
dose in terms of milligrams of free base per kilogram 
of body w'cight. 

Results were calculated in terms of percentage of 
control with each animal serving as its own control. 
The control value was the mean intake for the three 
sessions immediately prior to drug administration. 
Dose responses curves were determined w-ith each 
data point representing mean + S.E.M. of five or six 
animals. 
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Coniiniions Ki’ort/oMa' wil 

Experiments were carried out in four boxes with Iro 
sides, back and top of metal and a Plexiglas door ra 

to permit viewing of the subject. Each box had a grid dri 

floor 28.0 cm long and 26.7 cm wide with 1.0 cm th: 

grids placed 2.0 cm apart (centre to centre) for dehxer- tie 

ing shock to the feet and was equipped with two 
levers on the wall at one end. mounted 7.6 cm above 
the floor and 14.0 cm apart (centre to centre), Pressing 
the lever near the front wall postponed shock (avoid- p^c 
ance response); praaing the le»» near the hart < 

terminated the shock (escape response). Shock (35 . 

V and 0.6 mA short-circuit current provided b\ 
Grason-Stadler E-1064 GS shock generator) was deli- d 
vered to the grids, walls and levers via a shock T 
scrambler circuit. The boxes were ^ 

lated shells to isolate them from external V'sual stirnu- n 
h. Extraneous auditory stimuli were masked b> con- f. 
tinuous ‘white noise in each box and in the rooim . 
Programming and recording of experiments were 
accomplished by automatic switching and , 

cuits. cumulative recorders and electrical impulse f 

' c 

counters. i. i, * 

The response-shock interval was 40 sec: shock 

onset was delayed for 40 sec each time the rat pressed 
the avoidance lever when the shock was not on. 
Whenever the lime since the last avoidance response 
exceeded 40 sec. shock came on and remained on 
until the rat pressed the escape lever or until ^e 
shock terminated automatically after 3 s^c- Th 
shock-shock interval was 20 sec: after a shock further 
shocks were presented at 20-sec intervals until he 
rat once again pressed the avoidance lever, when the 
shock was not ongoing, to return to the response 

shock interval, . . c 

Individual rats were trained and tested at five-day 
intervals at the same time of day and m the same 
experimental box. The duration of each session was 
4 5 hr with the initial 30 min serving as a warm-up 
period. Approximately 30% of the rats were discarded 
because they failed to acquire the appropriate re- 
sponses; i.e. escape anA avoidance by the third ses- 
sion The performance of the remaining rats w^ 
stable enough for drug testing after six sessions, which 
included two saline treatment sessions. Base lines 
were considered stable when the avoidance rate was 
consistent (160 ± 30 responses/hr) for each animal 
over the period t - 1 hr to t = 3 hr of three consecu- 
tive sessions. All drugs were administered by mtra- 
peritoneal injection, in solutions as described abovj 
immediately following the 30 min ‘warm-up period 

Dose-response curves were determined, each cur 
was based on four rats with each data point repre- 
senting mean±S.E.M. of four or five replications. 
The dose for each rat on a particular ses^on w^ 
dictated bv a balanced 4 x 5 Latin square^ With this 
technique, each rat received each dose of the drug 
in a different sequence. As a result, carryover effects 
could be determined if they existed. The results were 
calculated as percentage of control avoidance rate 


with each animal serving as its own conlrol. The con- 
trol avoidance rate was the mean of the avoidance 
rates for the three sessions immediately prior to the 
drug administration. The period of time selected was 
that equivalent to the time in the free-feeding situa- 
tion (i.e, 30 min-2.5 hr after drug). 


Statistical weilwds 

With the determined data points, linear dose-res- 
ponse curves were fitted for each drug, in both the 
free-feeding and the continuous avoidance situation, 
bv the method of least squares. 

In order to compare the various drugs, a response 
'dose 50 (RDso) has been estimated for each drug. 

This is the estimated dose of a particular drug which 
would be required to produce a 50% decrea^in food 
intake or a 50% change in avoidance rate^The inore 
familiar term is the effective dose 50 (ED 50 ) which 
is an estimate of the dose which is effective m 50% 
of the animals. The ED^o estimate is based on quan- 
ta! data and is therefore amenable to statistical mani- 
pulations. However, the RD 50 estimate is based on 
a graded response and cannot be compared directly 
to determine significant differences. However, it does 
permit comparison of the relative potency of the 
drugs being studied. 

Caffeine (free base) was dissolved in 10 M aqueous 
solutions of sodium benzoate (both 
commercial suppliers and of reagent grade) such t 
injections of 0.1 ml of the resulting soluUon per 100 
g body weight resulted in the appropriate dose in 
mg/kg. The effect of caffeine on food intake was de er- 
mined by administering the drug intraperitoneally, 30 
min prior to the point of food access. In the con- 
tinuous avoidance situation, caffeine was adminis- 
tered immediately after the 30 min ‘warm-up period. 

RESULTS 

; Effects of caffeine on food intake and avoidance res- 

1 ponding ., % r 

The data obtained on food intake with doses of 
■ caffeine over'the range 12-108 mg/kg are presented 
, in Figure lA. As can be seen, caffeine had no signih- 
1 cant effect on food intake at doses less than 60 mg/kg; 
s above this dose, a rapid decrement in food consump- 
c tion was observed. In the continuous avoidance situa- 
il tion no evidence for stimulation (in the form of m- 

creased avoidance responding) was seen at '"‘rapwi- 

toneal doses of caffeine as low as 8 mgAg f ‘J- 
e In fact, doses of less than 16 mgAg significantly 
d reduced the rate of avoidance responding m a dosc- 
,e dependent manner. This effect was not accompanied 
e- by decreased escape responding or gross overt seda- 
,s. tion as would be expected for a typical depressan 

as drug. 

Effects of caffeine pretreatinenl on anorectic action of 

UK . 

aniplteianun^s 

're An inlraperiloneal dose of caffeine of 45 mg/kg w^ 
ae chosen as the interaction dose Since it had no sigmfi- 


Interact ions of cafTeine 


7f<9 


1 



Dog dose of coffeine, mg/kg, ip. 

Fi 2 1 Dose-response data for caffeine on food consumption (A) and avoidance responding (B) test 
svftems. Sch poTnt is the mean value of 5-« rats treated as described in the text; vertical bars are 
' SE.M, Lines drawn are those obtained from linear regression analysis. 


cant action on food consumption while causing a sig- 
nificant reduction (approx. 50%) in avoidance res- 
ponding. This dose was administered to groups of 
rats 60 min prior to exposure to food in the consum- 
matory system previously described (Cox and 
Maickel. 1972). The amphetamines were given 30 min 
after the caffeine at 3 dose levels, in the ratio «:2n:4n. 
This permitted comparison with noncaffeine-pre- 
treated animals over a similar dose-response range. 
The results obtained, presented in terms of RDjo 
values and slopes of the dose-response curves, are 
shown in Table 1. For both amphetamine and henz- 
pheiamine, caffeine pretreatment had no significant 
effect on anorectic activity. However, in the case of 
all four para-substituted compounds, the caffeine pre- 
treatment produced a significant potentiation of anor- 
ectic activity. Pretreatment with a dose of caffeine (9 
mg/kg, i.p.) that was ineffective on both food con- 
sumption and avoidance responding had no effects 
on the actions of a subsequent dose of any of the 
agents. Pretreatment with intraperitoneal doses of caf- 


feine larger than 45 mg/kg could not be tested due 
to obvious signs of toxicity. 

Effects of caffeine prelreatment on avoidance respond- 
ing action of amphetamines 

Pretreatment of rats with a dose of 45 mg/kg of 
caffeine prior to administration of the amphetamines 
was also tested on continuous avoidance responding. 
This dose of caffeine alone would cause an approxi- 
mately 50% reduction in the rate of avoidance res- 
ponding (see Fig. 1). The results obtained with the 
drug combinations are shown in Table 2. These 
results are more complex to interpret than the anorec- 
tic data, since the slopes change significantly for all 
of the compounds. Both amphetamine and its 
p-chloro analogue increased the rate of avoidance res- 
ponding, and these actions were completely anta- 
gonized by caffeine pretreatment. In contrast, p-melh- 
ylamphetamine caused a decreased rate of avoidance 
responding, an effect that was slightly potentiated by 
caffeine. 


Table 1. Effects of cafTeine pretreatment on anorectic action of amphetamines 


Treatment 


RD,o (95% C.L.) 
(mg/kg) 


Slope S.E, 


Amphetamine 
Amphetamine -1- Caffeine 
p-Chloroamphetamine 
p-Chloroamphetamine + Caffeine 
p-Methylamphet amine 
p-Methylamphetamine + CafTeine 
Benzphetamine 
Benzphetamine -1- CafTeine 
p-Chlorobcnzphetamine 
p-Chlorobenzphetamine 4- CafTeine 
p-Methyibcnzphetamine 
p-Methylbenzphetamine + Caffeine 


6 

6 

6 

6 

5 

6 
6 
6 

5 

6 
6 
5 


1.9 (1. 7-2.0) 

1.4 (1, 0-2.0) 

1.5 (1.3-1.7) 
0.6 (0.4-0.8)t 
8.8 (7.3-10.6) 
2.7 (2.2-3.3)* 

12.5 (10.8-13.9) 
12.2 (6.7-18.2) 
19.7 (16.0-23.7) 

3.4 (2.8-3.9)* 
27.8(19.4-39.7) 
15.3(10.8-21.8)* 


-84 + 6 
-103 ± 23 
-178 ± 26 
-93 ± 23 
-111 ± 16 
- 125 ± 20 
-103 + 8 
-93 + 27 
-138 + 20 
-103 ± 12 
-106+22 
-85 + 13 


♦ Caffeine pretreatment significantly different from no pretrcaiment (P < 0.05) and slopes 

of drug and drug + cafTeine are not parallel Student , -comparison of all three 
doses with and without cafTeine pretreatment were significant (P < 0.05). 

Sruls were ndmini.stered as indicated in the text RD,o values, J5% confidence limits 
(CL.) Ld slopes ± S.E. were dciermined as described by Cox and Maickel (1972). 
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Tabic 2. Efltfcis of calTcinc prelrcatmcm on avoidance re.sponding action of amphctainmc.s 


Treatment 

n 

RD 50 (95% C.L.) 
(mg/kg) 

Slope + S.E. 

.Amphetamine 

5 

0.8 (0.3-2.3) 

+ 232 - 1 - 82 

Amphetamine + Caffeine 

5 

32.5(27.2-37,7) 

-33 ± 12 

p-Chloroamphetamine 

5 

0.8 (0.7-0.9) 

+ 186 + 41 

p-Chloroamphelamine + Caffeine 

’5 

20.6(17.7-23.3) 

-9 + 5 

p-Methylamphctamine 

5 

2.4 (1.3-4.5) 

123 + 39 

p-Methylamphelamine -f Caffeine 

4 

1.8 (1. 3-2.9) 

-66 + 20 

Benzphetamine 

5 

>32.0 

0 

Benzphetamine + Caffeine 

4 

6.2 (5.1-7.4) 

+ 58 + 17 

p-Chlorobcnzphetamine 

5 

25.1 (22.3-28.1) 

-246 + 35 

p-Chlorobenzphetamine + Caffeine 

4 

16.0(11.1-21.1) 

-17 + 11 

p-Methylbenzphetaminc 

4 

38.5 (20.3-72.9) 

-70 + 15 

/i-Meihylbenzphetaniine 4- Caffeine 

5 

2.4 (1. 7-3.0) 

-17 + 9 


Drug.s were administered a.s indicated in the text. RDjo values. 95”„ confidence limits 
(C,L.)i and slopes + S.E. were determined as described by Cox and Maickel (1972) 


In the benzphetamine series, the parent compound be considered as related, not to a specific depression 

had no effect on the rate of avoidance respionding of appetite, but, to a general depression of activity, 

at doses up to 32 mg/kg. Pretrealment with caffeine This conclusion is supported by the data in Figure 

caused a decrement in avoidance response rate: how- 1 which show that intraperiloneal doses of caffeine 

ever, the positive slope creates the possibility for two greater than 12 mg/kg caused a significant reduction 

RDjo values, one of 6.2 mg, /kg for a 50% decrease in avoidance responding. This depressant action on 

in responding and a theoretical additional one of responding resembles that of chlorpromazine rather 

326 mg/kg for a 50"„ increase in responding. Both than a barbiturate, since there is no concurrent im- 

p-chlorobenzphetamine and p-methylbenzphetamine pairment of escape responding (Heise and Boff, 1962). 

depressed avoidance responding rates themselves: Caffeine has also been shown to have a depressant 

these effects were potentiated by the caffeine pretreat- effect, alone or in combination with ethanol, on other 

ment. As with the food consumption studies, attempts behavioural test systems (Alstott and Forney, 1971). 

to utilize a lower do.se of caffeine (9 mg/kg ) were The two parent compounds cho.sen for this study 
ineffective. Similarly, the combination of ampheta- were amphetamine and benzphetamine (N-methyl-N- 

mines with doses of caffeine of 60 mg/kg oi I.lgher benzylamphetamine), both of which are clinically used 

caused severe toxicity and some deaths. as anoretic agents (Costa and Garattini, 1970). In 

addition, the p-chloro and p-methyl analogues of 
DISCI'SSION these compounds were also studied. The results 

The mechanism(s) by which phenylethylamines obtained in the deprivation-induced food consump- 

such as amphetamine and benzphetamine produce lion test are clear cut. Caffeine pretreatment, at a dose 

anorexia in man and animals has been the basis for which was, by itself, ineffective was without effect on 

an extensive amount of research in recent years the activity of the parent compounds while markedly 

(Costa and Garattini, 1970). In particular, much potentiating the effects of the para-substituted ana- 

emphasis has been placed on the possible role of logues (Table 1). 

brain norepinephrine in control of feeding behaviour The actions of amphetamine and its p-chloro ana- 
(Morgane, 1969) and the likelihood that ampheta- logue, normally stimulants of avoidance responding, 
mines may act by interacting with brain noradrener- were completely antagonized by caffeine pretreat- 

'"gic function (Modell, 1960). In addition, any consider- ment, while action of the p-methyl analogue, normally 

ation of biochemical phenomena related to catechola- a depressant of avoidance responding, was slightly 

mines must consider the possibility that the adenyl potentiated (Table 2). Benzphetamine, normally with- 

cyclase-cyclic AMP system is somehow involved out effeci on avoidance responding at doses up to 

(Robison et ai, 1971a, b). 24 mg/kg, showed significant depression of avoidance 

With this background in mind, the present paper responding at low doses (< 16 mg/kg) in caffeine pre- 

reports on the interactions of caffeine and several treated animals. Extrapolation of the dose-response 

phenylethylamines with deprivation-induced food line would suggest that doses greater than 200 mg/kg 

consumption and continuous avoidance responding, would cause increased avoidance responding. A pre- 

The former may be considered as a measure of anore- liminary test of 45 mg/kg of caffeine plus 72 mg/kg 

tic activity (Cox and Maickel, 1972; Heise. 1964), and of benzphetamine led to severe toxicity and death of 

the latter as a measure of central stimulatory and 2 out of 6 animals. The p-chloro and p-methyl ana- 

depressant activity (Heise and Boff, 1962). logues of benzphetamine are both depressants of 

Caffeine itself is anoretic, although the doses avoidance responding of themselves; caffeine pretreat- 

required are so large that (he action of this drug may ment significantly potentiated this action (Table 2). 
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The results are both interesting and complicated. 
The lack of effects of caffeine on the non-para-substi- 
tuted amphetamine and benzphelamine (in terms of 
appetite depression! is in sharp contrast to the actions 
of caffeine on all four para-substituted compounds 
where the dose-response curve is shifted markedly to 
the left. The effects on continuous avoidance respond- 
ing suggest a preponderance of the caffeine effect to 
negate the potent stimulatory effect of amphetamine. 

Alternatively, one may consider that amphetamine 
was able to partially overcome the depressant actions 
of caffeine. Attempts to confirm cither of these 
hypotheses with other doses of caffeine were unsuc- 
cessful. This dissociation of avoidance and anorectic 
actions lends further credence to the hypothesis that 
they are under separate controlling systems. The spe- 
cific differences between the amphetamine (primary 
amine) series and the benzphetamine (tertiary amine) 
series will obviously require additional study. In the 
case of the para-substituted compounds, the marked 
potentiation of their anorectic action by caffeine sug- 
gests a possible role for cyclic AMP and such a possi- 
bility also deserves further study, 
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chloride; Chemical Synthesis Program, NIMH (synthe- 
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phate (Dexedrinc®) and p-methylamphetamine sulphate 
(Aptrol®): Smith Kline and French Laboratories. Benzphe- 


tiimine hydrochloride (Didrex"'l. />-chloro-.N-mcthyl-N- 
benzylampheiaminc hydrochloride and p-mclhyl-N-mcth- 
yi-N-benzylamphet amine cyclohexanesulphamate: The 
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SUMMARY 

- — ■" r • 

n.« 

Standardized test sys era. ,„,t,,ptyline > doxepin > nortrip- 

rir, ric ...» 

pretreatment with i hv 15 days after 

1 nnt returned to normal by lb ciay- 

fluid consumption levels had. not recur 

Hnsaae. 



ir ■■[QDU CTrON 

The tricyclic antidepressant dr^gs have become very populat clinic 
agents since their introduction into therapeutic use some twenty years ago. 

Their clinical activity has often been attributed to interactions with central 
noradrenergic mechanisms, since they potentiate the peripheral response to 
exogenous catecholamines (Sigg. etil. 1963) and sympathetic nerve stimulation 
(Thoenen. et al, 1964). In addition, the tricyclic compounds have been shown 
to inhibit the uptake of exogenously administered HE (Hertting. et ai. 1961). 

In this regard, Lahti and Maickel (1971) have shown that this effect is also 
shown by several phenothiazine trar.gui liters and correlates with chemical 

Structure rather than pharmacological activity. 

A variety of behavioral actions have been shown to occur with tricyclic 
antidepressants. For example. Stein and Seifter (1961) showed that imipramine 
increased, in both magnitude and duration, the m.rthamphetamine-induced increase 
in the rate of response of rats working for rewarding hypothalmic stimulation, 
in this test system, chlorpromazine had an opposite effect. Previous studies 

from this laboratory had demonstrated that phenothiazine tranquilizers 

(Maickel, et ai, 1968a), as well as cholinergic blockers and cholinergic 
stimulants (Gerald and Maickel , 1969) were effective in reducing the volume of 
fluid consumed by deprived rats.' Since some of the widely observed clinical 
side effects- of the tricyclic antidepressants represent anticholinergic actions 
such as blurred vision, dry mouth, and urinary retention, it seemed’ orinterest 

’ to test a variety of these agents for their effects on fluid consumption. In 

addition, the possibility of examining the role of biogenic amines in the 

actions of the tricyclic antidep-ressants by using drug interaction studies 

also seemed a feasible route for experimental design. 
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MATER l /v. S AND METHODS 

Adult (300-350 g) male, Sprague-Dawley rats (Murphy Breeding Laboratories, 
Plainfield, Indiana) v/ere used in all experiments. The animals were maintained 
on tap vjater and Purina Rat Chovf ad l ib. for at least 1 week after arrival in 
the laboratory. All solutions for injection were made in glass distilled 
water such that a dose volume of 0.1 ml per TOO g body weight contained the 
desired dose; all injections were given intraperitoneally, 15 min prior to 
placing the animals in the drinking cages. 

The procedures used to measure deprivation-induced water consumption 
were basically those of Gerald and ilaickel (1969). Rats were placed in 
cages, 7 x 7 X 14 inches, identical to the home cages of the animals. The 
cages were suspended in individual compartments of a sound-proofed box v/ith 

t- 

uniform fluorescent lighting. Constant circulation of air by blowersmain- 
tained uniform temperature in the compartments; the noise level of blowers 
served as a "white noise". Each cage contained a drinking tube connected 
to an external 50 ml buret filled vjith distilled water at the start of each 
test run and stoppered. As the animal consumed water, the change in volume 
was measured visually to the nearest 0.1 ml. The front door of each compart- 
ment was equipped with an eye-piece lense to permit visual observations of 
the rats without disturbing their behavioral performance. For at least 1 
week prior to testing drug effects, rats were deprived of water daily for 
. 23 hr prior to testing, -then placed in the "drinking cages" and allowed to 
drink for 1 hr. Food was available ad lib. in the home cages but was not 
available in the drinking cages. 


Drug trials were started only .if ter the animals demonstrated stable 
baselines (less than 5% daily variation) of water intake. The schedule 
for drug studies was arranged so that the rats were run daily, with drugs 
administered every fifth day, and placebo doses on the intervening days. 

Water intake was recorded at 15, 30 and 60 min of the consummatory sessions, 
the greatest proportion of drinking occurred in the first 15 min in all 

cases. 

Brain levels of serotonin (5HT) and norepinephrine (NE) were determined 
in' whole brain as reported by Maickel, ^ al (1968b) . p-Chlorophenylalanine 
(PCPA) and a-methyltryosine (aMT) were purchased from Regis Chemical Company. 

Groups of 8 rats were run in each system; an n of < 8 rat? indicates 
that a value or values was discarded because of equipment malfunction. All 
data are reported as means ± S.D. Siatistical comparisons were carried out 
by the correlated t-test for paired scores. The day prior to each drug day 
was used as the pre-drug value for chat drug run. Each animal served as 
its own control; per cent of pre-drug values are the mean of values calculated 
for each animal. Dose-response curves were determined by linear regression 
analysis and slopes and RDgQ values were calculated as described by Cox 
(1970) and Maickel and Webb (1972). 

RESULTS 

Effects of Tricyclic Compounds on Deprivation-Induced Fluid Con sump .tLqjl- 
The results obtained from dose-response studies of single acute dosages of six 
tricyclic antidepressants are presented in Table 1 . With the exception of 
the lowest. doses of nortriptyline and protriptyl ine, all doses of each drug 
tested significantly decreased the volume of fluid eonsum.ed by the deprived 
rats, When the data were subjected to linear regression analysis, semilo- 
garithmic plots yielded straight lines with slope and RdgQ values as presented 

■ 152 


in Table 2; several striking relat-.nships can be seen. First of all, 
although the potency ranking for the values shows a tenfold range 
(from 31.6 umoles/kg for desipramine to 300.3 i^nioles/kg for imipramine) 
the compounds fall into tvw groups. Four of the drugs (desipramine, amitrip- 
tyline, doxepin, nortriptyline) have molar RD^q values in the’range of 31.6 
to 59.7. In contrast, the molar RDtr^ values for protriptyline and imipramine 
are much higher, 158.2 and 300.3 umioles/kg, respectively. Secondly, when 
the slopes of the dose-response curves are compared, the compounds fall 
into three distinct groups: imipramine and protriptyline (the most shallow), 

amitriptyline and desimpramine (intermediate), and doxepin and nortriptyline 
(the steepest slopes). Tests for slope parallelism indicate that the 
groups are significantly different from each other although the curves 
within a group are not significantly non-parallel. 

In addition to these findings, one other aspect should be mentioned. 

On the post-drug day, a significant carryover effect, i.e., a reduction in 
fluid consumption, was seen with desimpramine (at the 20 mg/kg dose) and with 
protriptyline (at the 20 and 30 mg/kg doses). 

Effects of gMT Pretreatment on Actions of Protriptyline . 

In order to assess the effects of alterations in brain norepinephrine 

(NE) on the actions of protriptyline / rats v/ere pretreated with aMT (150 

mg/kg, in oil, i.p. at 12 hour intervals) with the last dose 6 hrs prior to 
testing, as reported by Miller, ^ ^ (1970) . This regimen reduced brain 

NE values by 66%; the animals also showed a significantly reduced fluid 

intake as compared to pre-drug baseline (Table 3). Administration of pro- 
triptyline had no effects on brain NE or 5HT levels. The reduction in 
fluid consumption in otMT and protriptyline rats was approximately additive 
for the effects of the individual drugs. 


Effects of PCPA Pretreatment c " Actions of Protriptyl ine 
The situation with PCPA was more complex, since Killer and Maickel 
(1969) have shown that differential effects on brain 5HT and NE .-nth respect 
to time after dosage. Rats were treated with PCPA (400 mg/kg, i.p., in 
oil) as described by Miller and Maickel (1969) then dosed with protriptyline 
on days 1 , 8, and 15, The results enable 4) show that on day 1 there was 
a significant reduction in fluid consumption; this response was essentially 
normal on days 8 and 15 after PCPA treatment. The effects of protriptyline 
in the PCPA-pretreated animals were not significantly different from those 
seen in controls. On day 1, this means that the effect of protriptyl ine 
v/ere antagonized by the PCPA. The effects of PCPA on brain biogenic amines 
were similar to those previously reported, namely a reduction in both 5HT 
and NE on day T, a reduction in 5HT only on day 8, and a return of both 
amines to normal values by day 15. 

DISCUSSION 

The results presented herein land further credence to the conclusion 
that the effects of drugs on deprivation-induced fluid consumption reflect 
the complexity of the thirst-consumption system.; Certainly, the data 
presented in Tables 1 and 2 cl earl}' demonstrate that all of the tricyclic 
antidepressant drugs tested are able to produce a dose-dependent decrement 
in the volume of water consumed by deprived rats. Several facets of the 
data, however are difficult to explain on the basis of known pharniacological 
actions of the drugs. For example, the dose-response curves for imipramine 
and protriptyline are parallel to each other; the dose-response curves for 
amitriptyline and desipramine, and for doxepin and nortriptyT ine represent 
similar parallel pairs. 

The lack of overall parallelism makes it difficult to draw potency 
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comparisons within the series as has been done for cholinergic blockers by 
Gerald and Maickel (1969) or antihistamines (Gerald and Maickel, 1972). 
Nonetheless, the RD^q values presented in Table 2 indicate that imipramine 
and protriptyline are considerably less potent than the other four compounds 
tested. In this regard, it should Te noted that, in these acute studies, no 
correlation could be observed between the three compounds that are tertiary 
amines (amitriptyline, doxepin, imipramine) or the three that are secondary 
amines '(desipramine, nortriptyline, protriptyl ine) in terms of slope or RD^q- 
Pretreatment of rats with PCPA caused a time-differential alteration 
of brain biogenic amines similar tc that reported by Miller and Maickel 
(1969),. that is, a significant reduction of both brain 5HT and brain NE 
at one day after administration of PCPA, a reduction only of brain 5HT at 
eight days , and normal brain levels cf both amines at 15 days after PCPA. 
Tests of deprivation-induced fluid consumption over this period showed a 
marked reduction (to 58.9% of pre-drug levels) in fluid intake on the first 
day post PCPA, followed by a return to levels approaching normal (80-90% 
of pre-drug) by the third day post PCPA and a plateau effect at these levels 
through the 17th day (Table 4). Adinini strati on of protriptyline (20 mg/kg, 
i.p.) on days 1, 8, or 15 after PCPA evoked no additional reductions in 
fluid consumption; however, the values observed were not significantly 
different from protriptyline alone. 

Pretreatment of animals with aMT led to a reduction in brain NE similar 
to that reported by Miller ^ (1970) , and a concommitant reduction in 
deprivation-induced fluid consumption (Table 3). Administration of protrip- 
tyline (20 mg/kg, i.p. ) to these animals caused a further reduction in the 
volume of fluid that was significantly greater than that seen with either A 



ctMT or protriptyline alone. In fac,;. , the reduction observed with the 
drug combination seemed to approximate v^hat might be expected on the basis 
of a simple additive action of the two compounds. 

Based on these studies, one may infer that the actions of protriptyline 
on deprivation-induced fluid consumption are not greatly influenced by 
modest alterations in brain NE caused by aMT, The results with PCPA are 
difficult to interpret. It does, hcvvever, seem that the PCPA effect is 
manifested by a reduction in the ability of protriptyline to reduce fluid 
consumption on day 1, that is, when both brain 5HT and brain NE are decreased. 

Several recent reviews of the general area of thirst and fluid con- 
sumption have discussed the overall problems of drug effects on these systems 
(Epstein, e;t 1973; Fitzsimons, 1 972). If one assumes that the deprivation 
schedule used has produced an extracenuTar dehydration with a consequent 
drinking elicited by the hypertensive response produced by the angiotensin 
system, subsequent administration of agents elevating blood pressure might 
be expected to increase fluid consuniption , while hypotensive agents should 
cause a reduction in consumption. This might explain the reduced consumption 
caused by the aMT pretreatment, since lowered body NE stores should result 
in a modest hypotension. However, the effects of the tricyclic antidepressants 
should be hypertensive; nevertheless, these compounds also depress fluid 
consumption. The effects of PCPA at 1 day after dosage could also reflect 
decreased central and peripheral NE and a consequent hypotensive state. 

By 8 and 15 days, this would be expected to disappear as NE levels return 
to normal yalues. The inability to find simple explanations for the actions 
of the tricyclic antidepressants alone and their interactions with aMT and 
PCPA would seem to confirm the complexity of thirst mechanism(s), especially 
in terms of their neural control, as concluded by Fitzsimons (1972). 
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TABLE 1 


Effects of Tricyclic Antidepressants on Deprivation-Induced Fluid Consumption . 


Animals were treated as described in Materials and Methods section; 
drug was administered 15 min prior to start of drinking session. 

Results are expressed as mean i S.D. of the values obtained. Statis- 
tical comparisons were made by the correlated t-test for paired scores; 
significant differences from the corresponding pre-drug values 
(P < 0.05) are indicated by*. 


Volume Consumed 


Drug 


Dose 
mg/ kg 

Pre-drug 

ml 


Drug 

ml 



of 

Pre-drug 

Amitriptyline 

a 

5 

20.1 

4 > 

2. 

1 

14.9 

4 

3. 

0 

74.2 

± 

15.6* 

•15 

10 

22.6 

+ 

3. 

4 

13.9 

± 

3. 

8 

60.5 


17,9* 


16 

20 

. 20.6 

4 * 

4. 

4 

7.1 


5. 

1 

36.7 

± 

27.1* 

Desipramine 

16 

5 

21.9 

■ 4 * 

3. 

0 

13.1 


4. 

9 

66.2 

+ 

18.5* 

16 

10 ■ 

21.0 

± 

2. 

9 

8.7 

± 

4. 

1 

40.8 

-i 

16.8* 


8 

20 

20,3 

-t. 

2. 

7 

5.8 

± 

2. 

0 

29.1 

+ 

11.8* 

Doxepin 

8 

5 

19.2 

Jh 

3. 

0 

15.2 

± 

3. 

5 

80.8 


17.0* 

8 

10 

22 . 7 

i 

3. 

8 

16.0 


4. 

1 

70.3 

T 

10.6* 


8 

. 20 

22.0 

± 

3. 

,2 

10.8 

±: 

5. 

,1 

48.3 

+ 

17.1* 


8 

30 

21.2 


3. 

,0 

4.7 

4 

3. 

.5 

21 .7 

.L 

14.7* 

Imipramine 

16 

■ 5 

21 . 1 

± 

3, 

,8 

17.6 

± 

4, 

.3 

83.8 

± 

14.4* 

15 

10 

19.1 

4’ 

3, 

.4 

13.1 

' IX . 

3, 

.1 

72.7 

± 

11.3* 


8 

20 

19.2 

± 

3 

.9 

12.0 

4 

2 

■1 

62.4 

+ 

11 .7* 

Nortriptyline 

16 

5 

20.5 

± 

2 

.1 

18.0 

± 

3 

.6 

88.7 

+ 

11 .3 

16 

10 

21 .1 

± 

3 

.8 

14.8 

± 

2 

.4 

70.7 

.+ 

11.0* 


8 

20 

22.4 

± 

4 

.3 

7.9 

± 

2 

.5 

39.0 

+ 

16.2* 

Protriptyline 

8 

5 

18.8 

4" 

1 

.9 

19.2 

4 

3 

.1 

.8 

102.1 

+ 

12.5 

8 

10 

19.2 

± 

2 

.5 

16.2 

± 

1 

84.1 

+ 

10. 1* 


8 

20 

18.0 

4 

4 

.4 _ 

12.8 

4 

1 

.8 

73.9 

4 

16.1* 


8 

30 

15.1 

± 

4 

.6 

10.5 


2 

.3 

69.5 

4 ; 

13.4* 
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T ABLE 2 


Analysis of Dose-Response Effects of Tricyclic Antideprassants 
On Deprivation-Induced Fluid Consumption 


Slopes were determined- by linear regression analysis of 
the data presented in Table 1. RD 5 Q values represent 
the dose estimated to cause a 50% reduction in fluid 
consumption and have been derived mathematically from 
the linear regression analysis. 


Drug 

Slope 

Desipramine 

-61 .6 

Amitriptyline 

-62.3 

Doxepin 

-78.3 

Nortriptyl ine 

. -82.5 

Imipramine 

-35.5 

Protriptyline 

-41.6 



mg /kg umoles/kg 


8.4 

31.6 

13.0 

48.0 

15.5 

55.6 

15.7 

59.7 

44.3 

158.2 

79.0 

300.3 
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TABLE 3 


Effects of gMT on Action of Protriptyline on Deprivation-Induced 

Fluid Consumption 


Animuls v<ere pretreated with aMT as described in the text. Results a^e expressed as mean 
r S.D. of the values obtained. Statistical comparisons were made by the correlated t-test for^ 
oaired scores; significant differences from the corresponding control values (p < .05) are indicated 
by *. Animals were killed at the termination of the drinking session for brain amine determinations. 


Volume Consumed Brain Amines 


Treatment I 

Treatment II 

N 

Pre-Drug 
ml ± S.D. 

Drug 

ml ± S.D. 

% of Pre-Drug 
■ mean % ± S.D. 

5HT 

ug/g 

ug/g 

Water: 

Water 

8 

21.7±2.9 

21 .4i2.1 

/ 97.4+5.5 

0./0+.06 

0.49+.05 

Water, 

Protriptyline 
(20 mg/ kg) 

8 

19.3±3.6 

13.1+1.5 

^ 67.6±*13.3* 

0.681.06 

0.50+.04 

gMT 

Water 

6 

20.8±2.0 

16.T±2,7 

77.0+13.4* 

CO 

o 

-ri 

f— 

o 

0.24+.05* 

gMT 

Protriptyl ine 
(20 mg/kg) 

6 

17.9+1.8 

9. 2 ±3. 6 

44.8±14.5* 

0.691.04 

0.231.05* 



TABLE 4 


Effects of gMT on Action of Protriptyl ine on Deprivation-Induced 

Fluid Consumption 

Animals were pretreated with PCPA as described in the text. Results are expressed as mean ± 
S.D. of the values obtained. Statistical comparisons were made by the correlated t-test for paired 
scores; significant differences from the corresponding control values (p < .05) are indicated by *, 
Animals were killed at the termination of the drinking session for brain amine determinations. 


Volume Consumed , Brain Amines 


Treatment I 

Treatment II 


Pre-Drug 
ml ± S.D. 

Drug 

ml ± S.D. 

% of Pre-Drug 
mean % ± S.D. 

5HT 

ug/g 

NE 

ug/g 

Peanut oil 

Water 

8 

19.3tl,9 

19.7i2.7 

101.2-:12.0 

0.71 +.04 

0 . j. . 04 

Peanut oil 

ProtriptyTine 
(20 mg/kg) 

8 

19.6±3.1 

12.8+2.1 

65.8+10.1* 

0.73+.08 

0.49z.07 

PCPA-1 

Water 

8 

17.0+3.4 

13.1+2.7 

79.2±20.4* 

0'.29±.05* 

0.32t. 06* 

PCrA-8 

Water 

8 

19.9±2.9 

19.2+2.5 

97.0+10.4 

0.37±.03* 

0.47±.0S 

PCPA-T5 

Water 

8 

20.2±3.1 

18.9+2.3 

94.9+06.4 

0.67±.07 

0.51 ±.05 

PCPA-1 

Protriptyline 
(20 mg/ kg) 

6 

14.3+3.1 

9.1±2.0 

66. 7 +19. 7 

0.30±.05 

0.31+.07* 

PCPA-8 

Protriptyl ine 
(20 mg/ kg) 

6 

20.8±1 .3 

13.5±5.1 

65.3i24.8 

0.39+.04* 

0.46-. 06 

PCPA-15 

Protriptyline 

6 

22.T±3.3 

12.6+4.6 

57.9±22.1* 

0.69+.08 

0.47±.03 
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The disruption of normal neuronal transmission by Interference 
with some aspect of neurotransmitter synthesis, uptake, storage, 
release, or metabolism Is considered an Important mode of drug action 
Indeed, the use of drugs vvhich block peripheral nervous transmission 
Was Indispensable in first establishing, then proving the very nature 
of neuromuscular transmission (1-3). as well as in the study of the 
autonomic nervous system (2,4). The method of blocking transmitter 
utilization has also been used in attempts to clarify the specific 
functions of putative neurotransmitters In the brain, and to substan- 
tiate hypotheses linking the effects of psychoactive drugs to their 

interactions with neurochemical systems (5,6). 

Of greatest Interest centrally have been the monoamines serotonin 
(5-HT) and norepinephrine (NE). Literally thousands of publications 
have covered their occurrence in nature; their distribution in various 
systems of vertebrate and invertebrate species; the nature of their 
nervous function; and the subcellular aspects of their utilization by 


nerves (7-9). Their role, individually or together, in the neural 
processes underlying behavior remains controversial and largely unresolved 
(10). Present-day monoamine research seeks to provide the final, direct 
evidence confirming the status of NE and 5-HT as brain neurotransmitters, 
a goal heavily dependent on technological advances; and to link directly 
the central function of monoamine-containing neurons to behavior. 

Hypotheses which emphasize the role of NE and 5-HT as neurotrans- 
mitters in the normal function of the CNS are of two varieties; 

I, Those which attempt to show evidence of this role, i.e., fulfill 
criteria necessary for the complete recognition of the compounds as 
neurotransmitters; and II. Those which, assuming NE and 5-HT to be 
neurotransmitters, postulate aberrations in their metabolism or neuronal 
release mechanisms as causes for mental disorders or drug effects. 

The technique of selective depletion of central monoamines as 
a means by whiCrtheir functional role in behavior may be studied pres«n- 
ably has its origin in traditional biology. The surgical destruction 
or extirpation of an organ as a method of investigating its physiological 
significance in a body has been a mainstay in biological research. The 
practical laboratory difficulties associated with surgical denervation 
in an organ as complex as the central nervous system encouraged a shift 
to the use of chemical means of differentiating the roles of the neuro- 
transmitters (11). 

In 1959, Senoh and co-workers (12-14) reported that the adminis- 
tration of DA to rabbits resulted in the auto-oxidative and enzymatic 
formation of 6-hydroxydopamine {6-HDA). The peripheral administration 
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of 6-HDA in the mouse led initially to the discovery that the compound 
produced a long-lasting depletion of NE in the heart (15) * Further 
studies showed that while 6-HDA had a lower ED^q than either reserpine 
or metaraminol, its NE-depleting effects lasted considerably longer 
than those of the other compounds tested (16). It was originally 
suggested that 6-HDA damaged amine storage sites (15,17); electron- 
microscopic studies indicated that the long-term loss of NE resulted 
from the destruction of adrenergic nerve terminals (18) and concomitant 
loss of activity of NE-synthesizIng enzymes was also found (19). 6-HDA's 
effects have been termed "chemical denervation" (20); the compound has 
been widely used in studies concerned with the synthesis, uptake, storage, 
and functional aspects of both peripheral and central catecholamines 
( 21 ). 

Follovnng central administration of 6-HDA, long-lasting, selective 
decreases in catecholamine levels were observed without significant 
effect on 5-HT or GABA levels (19,22,23). Generally, behavior of 
animals given 6-HDA did not differ significantly from control (19,22,23). 
Hov;ever, injections of 6-HDA into localized brain regions have been 
used to induce specific lesions of central monoamine neurons (24). 
Spontaneous rotational behavior was observed in rats with unilateral 
6-HDA lesions in the nigro-striatal DA system (25,26). Bilateral injection 
of 6-HDA in rn the lateral hypothalamus caused adipsia and aphagia, 
while animals lesioned in the substantia nigra showed marked hyperactivity 
with behavioral reversal after one v/eek (27). 

In 1971, the apparent discovery of a "serotonergic 6-HDA" was ^ ^ ^ 
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reported; intraventricular administration of 5,6-dihydroxytryptamine 
(5,6-DHT) resulted in the long-lasting depletion of brain 5-HT with 
only transient effects on the levels of DA and NE (28,29). The percent- 
age loss of 5-HT and the dose-dependency of the effect varied in 
different brain regions. Subsequent fluorescent histochemical and electron- 
microscopic studies revealed selective degeneration of indoleamine 
terminals and axons similar to the cytotoxic effects of 6-HDA on adrenergic 
neurons (30,31). The tendency of 5-HT levels to recover after the 
initial phase of depletion led to the discovery of axonal regeneration 
by the damaged serotonergic neurons (32,33). 

In contrast to 6-HDA, the intraventricular injection of 5,6-HDT 
caused dramatic behavioral changes (34). The acute disturbances have 
been described as "sedation during the first two hours after the injection 
(ether anesthesia), an increased irritability and hyper-reactivity against 
any type of sensory stimulation and bizarre social behavior (fighting 
in a stereotyped position and manner), and increased copulatory activity 
when kept in the same cage inbetween the 1st and 3rd day after 5,6-DHT." 

(35) Frequent fighting episodes as well as increased muricidal behavior 
have been reported, and decreased food consumption and loss of weight 
have also been observed. Intraventricular injection of 5,6-DHT produced 
significant hypothermia thirty minutes after administration (36). 

The advent of a selective neurotoxic agent such as 5,6-DHT opens 
fresh avenues for the functional dlffereiitiation of central monoamines, 
and for possible discernment of their role in mediating behavior. The 
availability of such chemicals offers an alternative to the non-selective 
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destruction of brain regions with heterogeneous cell populations, e.g., 
by electrocoagulation or surgical lesioning. In addition, the functional 
significance of the depression of monoamine levels by selective synthesis 
inhibitors may be resolved through the use of cytotoxic agents. The use 
of chemicals to destroy monoamine nerve terminals may supplement brain 
amine concentrations as criteria for relating monoamine function to 
behavior. 

The synthesis and pharmacological testing of structural analogues 
commonly employed to identify structural features responsible for a 
primary effect; to elucidate mechanisms of action; and/or to establish 
a rational basis for the development of more specific agents. The 

recent synthesis (37) of 3-( g-aminoethyl)-5,6-dihydroxybenzo[b]thiophene 

(5,6-DHT-S), the sulfur isostere of 5,6-DHT, offered the opportunity 
to investigate the relative importance of the indolic nitrogen in the 
action of 5,6-DHT. Benzo[b]thiophene isosteres of biologically active 
indoles have been studied previously by this laboratory in an attempt 
to estimate the pharmacological contribution of the indolealkyl amine 
ring nitrogen (38-41). The availability of benzo[b]thiophene and 5.6- 
disubstituted tryptamines, permitted a study of the contributions of 

the chemical sub-groupings present in 5,6-DHT to its monoaminergic 

activity and general effects on behavior. The parallel neurochemical 
and behavioral structure-activity relationships make it possible to 
speculate on the relation of monoaminergic activity to behavior in the 

CONTRASTING BIOCHEMICAL EFFECTS OF 5.6-D HT A ND 5,6-DHT-S IN THE Rfl X 

NE levels in the heart and spleen were decreased significantly 
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control levels by 16 hours i„ rh . " 

^ i NE levels were similarly 

-ced. differing only in that S,6.0„T caused a lon^^^ 

t’on (up to 16 hours) than in the heart. 5-HT levels in th V 

reduced to 50% by 5 6-DHT af if; u 6 spleen were 

y »D DHT at 16 hours, and were stin . 

»>ours. 5.6-DHT-S. however actual, 1 '' 

. . ■ Increased levels of 5-HT by 50* 

two hours after injection. No decrease in 5 mt , , 

fh= oa U decrease in 5-HT levels was observed in 

the 24-hour period after 5,6-DHT-S Tho 

■ "0 data on spleen 5-HT and NE 

are presented in Figures la and ih , nd NE 

gures la and lb. I„ contrast to these effects the 
1-P- dosages had absolutely no effects on the levels of 5-HT and HE • 
the brain of the animals. 

Of the'" '"‘--dvontricular injection of 80 pg 

the 5 ht 77 : =.«-^HT s, 

tne 5-HT content of the thrpp 

„n K „ cerebral hemispheres 

cerebellum, and brainstem. The decline diff V 

Of the effect 4 ra -d n "" ‘”""'■’'’5 only in the time course 

rect. A rapid drop of 25 - 35 r w;»c nk 
i- . ■ observed in the cpb’phr.s.i 

hennspheres by 4 hours affpr h 

y persisted for at least in d 

Brainstem 5 -HT was lowered by 20 - 30 % in a • et 16 days. 

5 HT sh d * a similar fashion, while cerebellar 

7 t^e period 16 hours - 4 days afte 

osage. The data for the effects of 5,6-DHT and 5 6-DHT S on b ' 

5-HT and nE are Shown in Figure g. on brainstem 

In contrast to their effects on 5-HT both T- 

level- of NE 1 .E ’ ^ Pd'apoonds decreased 

Of NE in the three brain regions. The decline in th i, 

•neaec line in the cerebral 


168 


• affliw 701 was less sharp and more prolonoed than 
hemispheres of approximately 30% was less v 

in the brainstem, where similar decreases were last observed at 4 hours. 
Oecreased levels of NE in the cerebellum reached 7B% of control briefly, 

at 1 - 2 hours post-injection. (Figure 2). 

Both 5.6-DHT and 5,6-DHT-5 produced a transient increase In 5-HIAft 

levels. By eioht hours. 5.6-DHT had reduced 5-HIAA levels 20-30% of 
control in all three brain regions, paralleling similar reductions of 
5-HT. 5.6-DHT-S. on the other hand, demonstrated an ability to incre^e 

5-HIAA levels, which returned to control values by 24 hours. 5,6 DHT s 
effects on 5-HIAA paralleled its decrease of 5-HT in the brainstem and 
cerebral hemispheres, and likewise in the cerebellum, where 5 -HI AA levels 
returned to control levels after the 4th day. In contrast. 5.6-DHT-S ^ 

caused a significant elevation in 5-HIAA levels 2 - 4 days after infection 
Maximum increases of 40-50% were observed in the brainstem and cerebral 
hemispheres. 12-20% in the cerebellum. 5-HIAA levels returned to near 
normal levels by the 16th day. Lower doses (20 ug/rat or 40 ug/rat) of 
both 5.6-DHT and 5.6-DHT-S had similar effects though lesser in magnitu e 

and duration. 

rfhaVIORAL EFFFCTS of 5. 6 - DH T and 5,6-DHT-S iN THE M L 

peripheral Infections of 5.6-DHT and 5.6-DHT-S In the rat elicited 

similar behavior. When administered Intraperitoneally (30 mg/kg), both 

compounds produced peripheral signs such as exophthalamous. plloerecUon. 
rigid alert stance, and Increased Irritability, indicating sympathetic 
autonomic stimulation. Ho Increase In motor activity, indicative of 
antral activity, was observed. 


When administered centrally, '5, 6-DHT and 5,6-DHT-S differed in 
their behavioral effects. Injection of 80 yg 5,6-DHT-S into the lateral 
ventricle produced a behaviorally depressed animal; the sedated state 
could be described as a semi-conscious stupor, lasting 30-45 minutes. 

After recovery, animals could not be distinguished from controls. Central 
administration of 5, 6-DHT in doses of 80 yg caused initial behavioral 
depresjsion which, after 40 - 120 minutes, was usually succeeded by a 

I . ' 

period of sudden, intense activity. 

The distinctive behavior after 5, 6-DHT was characterized by explos ive 
jumping (rats at times leapt through covered cages to heights of 18 
inches); erratic running behavior , in which the back legs, in a flipping 
motion, propelled the rat in large circles in open space, or along the 
walls of an enclosure (the animal appeared to ignore barriers in its 
frantic movement and at times bloodied its head and cut its feet); voc _ a j_- 
ization was often present as high-pitched squeals or shrieks; convul si . on s, 
during which the animal literally behaved as a fish out of water, unable 
to breathe or make sound; and death in 25-35?. of the rats entering into 
this type of behavior. Each such outburst lasted about 30-90 seconds 
in confined spaces, but could continue much longer in open spaces. 

Milder episodes were interspersed among the more intense, and consisted 
of compulsive running and leaping at barriers, appearing to be a form 
of escape behavior. After each outburst the animal lay still, breathing 
deeply, but was alert and hyper-responsive to external stimulation. As 
many as thirty mild and intense outbursts have been recorded in the two 
hours following injection of 5,6-DHT; the period of 45-75 minutes after 


injection contained the greatest frequency of such episodes. It was 
observed that those rats which did not enter into the second phase of 
behavior, but which remained behavioral ly depressed and stuporous, were 
less likely to recover than those animals which underwent the violent 
behavioral spasms and lived. 

Long-term behavioral effects were observed after central adminis- 
tration of 5,6-DHT, but not 5,6-DHT-S. Following the period of intense 
activity, rats given 5,6-DHT either recovered sufficiently to feed and 
water themselves, or remained adipsic and aphagic, dying within 2-4 
days post-injection. Those which recovered tended to weigh less than 
control animals, and were often irritable and defensive when approached 
or handled. The long-term behavioral effects of 5,6-DHT were character- 
ized by more frequent vocalization; unusual social interactions between 
cage-mates; and fighting episodes. One particular form of behavior was 
especially striking: two rats, standing on hind legs facing each other, 

would squeal , "hiss,"* or "spit" at each other,: but would not make physical 
contact. At times, this behavior lasted as long as an hour or more. 
BIOCHEMICAL AND BEHAVIORAL EFFECTS OF 5-HYDR0XY-6-METH0XYTRYPTAMINE (5H6MT ) 
AND 5-METH0XY-6-HYDR0XYTRYPTAMINE (5M6HT) IN RAT^ 

Each of these analogues was Mministered into the lateral ventricle 
of rats at a dosage of |T00 yg/rat. No significant changes were seen 
ih levels of 5-HT dr NE in any of the brain regions over the period 
1 - 2|i hours after xlosage. 5H6MT did cause a significant increase (20- | 

25%) in 5HIAA levels at 2 hours after dosage, while 5H6MT did cause a 
significant Incredse (20-25%) in 5HIAA levels at 2 hours after dosage. 



v/hile 5M6HT caused a significant decrease (25-35%) in 5-HIAA levels at 
1 hour post dosage. 

Within 15 minutes following intraventricular injection of 5H6MT, 
a behavioral syndrome identical to that caused by 5,6-DHT was manifested. 
Brief, periodic (3 - 8 minute), convulsive episodes v/ere combined with 
erratic running behavior and vocalizations. The behavioral effects 
differed from those of 5,6-UHT in that they were quicker in onset and 
lasted less than one hour. There was evident an increased alertness 
over control animals following this syndrome, then the animals could 
not be differentiated behavioral ly. 

In contrast, 5M6HT produced no dramatic behavioral effects. Some 
increased exploratory activity soon after injection was observed, as 
well as increased motor activity and alertness. Hov/ever, these effects 
were slight, and the animals could not otherwise be differentiated 
from controls. 

BIOCHEMICAL AND BEHAVIORAL EFFECTS OF 5.6-DIMETHOXYTRYPTAMINE (5,6-DMT) 

AND 3^(B-AMIN0ETHYL)-5,6-IS0PRQPYLINDENDI0XYBENZ0[blTHI0PHENE (IPST) IN 
THE RAT 

Each compound was injected intraventricularly at a dose of 100 pg/ 
rat. 5,6-DMT apparently elevated 5-HT levels, with no significant effect 
on 5-HIAA or NE. However, since 5,6-DMT is active in the method for 
the determination of 5-HT (42), the increased fluorescence persisting 
to 24 hours, suggests; a continued presence of 5,6-DMT in significant 
amounts. IPST, which does not interact with the assay methods, elevated 
5-HT levels at 2 hours (33%) and 24 hours (44%) in the cerebral hemispheres 


by 48 hours, however, these levels had declined to 59% of control. Brain- 
stem levels of 5-HT were Increased by 20-30% at 24 hours post-injection 
with a concommitant decrease in 5-HIAA. In the cerebral hemispheres, 5-HIAA 


levels were depressed for 48 hours after injection. Levels of NE remained 
essentially unchanged throughout the 48 hour period after administration 


of IPST. 

Both IPST and 5,6-DHT-S were behaviorally active. IPST, m contrast 
to its parent compound 5. 6-DHT-S, increased motor activity; the most 
prominent feature of the behavioral effect was compulsive cage circling 
interrupted by brief pauses. The effect commenced shortly after injection 
and lasted nearly two hours. Paradoxically, IPST when administered 
peripherally (40 mg/kg, i.p.) depressed all behavior. The rat given 
IPST would lay prone and stuporous, but would lick a water bottle spout 

brought noar to its mouth. 

Rats given 100 ug S,6-DHT intraventricularly exhibited a disoriented, 
groping behavior, whil.e rolling over and over. The latter behavioral 
effect could be elicited upon moving the animal's cage. This behavior 
lasted up to 2.5 hours after injection, after which the animals could 
not be distinguished from controls. No convulsive behavior similar 
to that produced by 5, 6-DHT was observed. 

COMPARATIVF EFFECTS OF 5,6-DHT A ND ANALOGUES IN THE RAT 

A summary of the biochemical and behavioral effects of the various 

compounds tested is presented in Table 1. 

Although 5,6-DHT is generally considered as a selective depletor 
of brain 5-HT, the results obtained from both peripheral and brain 


tissues demon St J^ate an ability of the compound to lower both NE and 
5-HT. That 5,6-DHT might share properties of both monoamines, and there- 
fore have the potential to Interact with either catecholaminergic or sero- 
tonergic systems, may be deduced readily from its structure. 5,6-DHT 
Itself is the 6-hydroxy derivative of serotonin; the o-dihydroxyphenyl 
portion of the 5,6-DHT molecule is isomeric with catechol, a sub-group 
shared by the catecholamines norepinephrine and dopamine. In fact, 
prior to the discovery of its neurotoxic properties, 5,6-DHT was found 
to be as active at 5-HT in the contraction of smooth muscle preparations 
(43) as well as a potent releaser of heart NE (44). The diploid nature 
of 5,6-DHT's monoaminergic activity in vivo has therefore been confirmed 
here for peripheral and brain tissues. 

Using 5,6-DHT's structure as the basis for making comparisons, 
the relation of chemical structure to monoaminergic activity may be 
summarized as follows. Replacement of the indolic nitrogen by sulfur 
abolishes 5-HT depleting activity in spleen and in brain, but does not 
alter NE depleting activity in the heart, spleen, or brain. Methylation 

A 

of either the 5- or 6-hydroxyl groups of 5,6-DHT removes monoamine 
depletion activity. However, increased and decreased levels of 5-HIAA 
soon after injection indicate serotonergic interactions are not completely 
absent. Methylation of both hydroxyls on 5,6-DHT results in a complete 
abolition of monoaminergic depleting activity, although considerable 
behavioral activity is retained. In contrast, conversion of 5,6-DHT-S 
to its isopropyli dene derivative produces a complex action on brain 5-HT 
and NE systems and causes a generalized stimulatory behavioral effect. 
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CONCLUSIONS 


The indolic nitrogen of 5,6-DHT appears to be an absolute require- 
ment for the 5 -HT neurotoxic effects of the compound, at least insofar 
as substitution of a sulfur atom is concerned* Similar specificity 
appears to be demanded in terms of the 5- and 6 -hydroxyl groups both 
existing in the phenolic state. In contrast, the similar ability of 5,6 
DHT-S to lower stored NE levels for a transient period appears to be 
related only to the catechol characteristics associated with an 
aryl ethyl amine. The overall behavioral actions of the compounds are 
complex and suggest a multiplicity of effects including amine release/ 
depletion and direct receptor interactions. 
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' ' '.TABLE 1: ' . _ 

EFFECTS OF 5. 6-DHT AND ANALOGUES ON BRAIN BIOCHEMISTRY AND BEHAVIOR IN THE RAT W 


COMPOUND ! BIOCHEMICAL EFFECTS BEHAVIORAL RESULTS 



H 


5,6-DHT 


! Prolonged (20-30%) decrease in 5HT; initial Initial behavioral depression, 30-45 min., then 

increase, then prolonged decrease in 5HIAA; explosive jumping and erratic running behavior, 

^ brief initial decrease in NE. convulsive episodes, vocalization. 



5.6-DHT-S 


No effect on 5HT; increased 5HIAA levels at Behavioral depression lasting up to 30 min. 

2-4 days post-injection; brief initial decrease post-injection; sedation, animal lying prone, 

in NE. 


CD 

iNi 


HO 

CKjO 



NHj 


5H6MT 


No effect on 5HT; brief initialincrease in 5HIAA; Brief, periodic (3-8 min.) convulsive episodes 

no effect on NE. within 15 min. injection, associated with er- 

ratic running behavior, vocalization; followed 
by period of increased alertness and responsivity. 



No effect on 5HT; brief initial decrease in 5HIAA; Some increased exploratory activity within 15 

no effect on NE. minutes of injection, but otherwise no differ- 

ence from control animals. 


6H5MT 


H 

No significant effects on 5HT, 5HIAA or NE. 

, : t ■ ' 

Disoriented, groping behavior; animals exhibit 
much rotational behavior and hyperreactivity 
to sensory stimulation. 

5,6-DMT 






, Initial increase, then prolonged decrease in 
5HT; generally decreased 5HIAA; brief initial 
decrease in NE. 


Increased motor activity: cage circling with 
periodic pauses, lasting two hours following 
injection. 


IPST 




PERCENT OF CONTROL LEVEL 


25H 
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figure la . Levels of 5-HT in rat spleen at various times after a single 
dose (30 mg/kg, i.p.) of 5,6-DHT {—■©—) or 5,6-DHT-S (-0— )• 

Each value is the mean of 4 animals; control values (N = 8) were 1.40 ± 

.09 (SO) ug/g. 

FIGURE lb . Levels of NE in fat spleen at various times after a single 
dose (30 mg/kg, i.p.) of 5,6-DHT (~^ — ) or 5,6-DHT-S (—■ 

Each value is the mean of 4 animals; control values (N = 8) were 0.42 ± 

.07 (SD) yg/g. 

FIGURE 2a . Levels of 5HT in rat brainstem at various times after a single 
dose (80 yg/rat, intraventricularly) of 5,6-DHT (— @— ) or 5,6-DHT-S 
Each value is the mean of 4 animals; control values (N - 8) 

were 1.13 ± .17 (SD) yg/g* 

FIGURE 2b. Levels of NE in rat brainstem at various times after a single 
dose (80 yg/rat, intrayentricularly of 5,6-DHT (— ^) — ) or 5,6-DHT-S 

Each value is the mean of 4 animals; control values (N - 8) 

v/ere 1 .01 ± .11 (SD) yg/g. 
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ABSTRACT 


In an In vitro system of purified hog kidney aromatic-L-amino acid 
decarboxylase, the benzo[b]thiophene analogue of 5-hydroxytryptophan was 
found to be an effective inhibitor of DOPA decarboxylation, with a 
potency almost twice that of a-methyl-DOPA. When administered to mice 
prior to a dose of ^h-L-DOPA, the benzo[b]thiophene analogue of 5HTP led 
to significant elevations in brain levels of DOPA, dopamine, and metabo- 
lites one hour later. 




INTRODUCTION 


Aromatlc-L-amino acid decarboxylase (EC 4.1.1.26) has been 
characterized as the enzyirie responsible for the conversion of 3, A- 
dihydroxyphenylalanine (DOPA) to 3, 4-dihydroxyphenyl ethyl amine (OA), a 
reaction first demonstrated by Holtz, ^ al^ [1] in 1938 with kidney ex- 
tracts of rabbits and guinea pigs. The enzyme has subsequently been 
shown to be widely distributed in various mammalian tissues, and to 
require pyridoxal phosphate as a co-enzyme [2]. The enzyme has been 
partially purified from hog kidney by Christenson, ^ ^ [3] and character- 
ized in terms of optimal cofactor and substrate concentrations as well 
as medium pH by these authors and by Werle and Aures [4]. In addition, 
a variety of aromatic-L-amino acids (both natural and unnatural) have 
been shown to have activity as substrates for the enzyme [3,5-7]. 

One of the more interesting aspects of this enzyme has been the 
controversy surrounding its ability to act as the decarboxylation system 
for indolealanines such as tryptophan as well as for phenylalanines [8,10]. 
There is no doubt that aromatic-L-amino acid decarboyxlase preparations 
purified from hog kidney [3] have considerable activity towards a variety 
of aromatic-L-amino acids, Inrluding analogues of tryptophan [3,9,11-13]. 
Some analogues of tryptophaiii that are poor substrates for decarboxylation 
have been shown, not unexpectedly, to be inhibitors of the decarboxylation 
of tryptophan, as v/ell as other amino acids [13,14]. 

The finding of Ehringer and Hornykiewicz [15] that patients with 
Parkinson's disease had sub '•tiul tiial levels of DA in the substantia nigra 
and the subsequent discovery and development of L-DOPA as a therapeutic 
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agent have stimulated interest in inhibitors of the decarboxylation 
of this amino acid [16-18]. A variety of compounds have been found to 
be inhibitors of the decarboxylation system in vitro , including hydrazine 
derivatives [18-20], a-methyl amino acids [10,21], and by hydroxycinnamic 
acids [22-24]. A recent report from this laboratory has indicated that 
the benzo[b]thiophene and 1 -methyl indole analogues of tryptophan are 
effective inhibitors of the decarboxylation of tryptophan and phenylala- 
nine in vitro [13]. The present paper reports on the activity of several 
analogues of tryptophan as inhibitors of the decarboxylation of L-DOPA. 

MATERIALS AND METHODS 

Materials 

D,L-D0PA-2- i‘*C(256 yCi/mg) and DA-2-i**C(300 yCi/mg) were purchased 
from Amersham/Searle Corporation, Chicago, IL and L-D0PA-3H (general label, 

30 mCi/mg) and DA-3H (general label, 61 mCi/mg) were purchased from New 
England Nuclear Corp., Boston, MA. DL-DOPA and DL-tryptophan and .yridoxal 
phosphate were purchased from Sigma Chemical Co., St. Louis, MO, DA was 
purchased from Nutritional Biochemical Corp., Cleveland, OH, and 5-hydroxy- 
tryptophan. a-methyl tryptophan, L-DOPA, 3,4-dihydroxyphenyl -acetic acid. 
3,4-dihydroxyphenylethanol , 3-methoxy-4-hydroxyphenyl ethanol , and hcmo- 
vanillic acid were purchased from Regis Chemical Co., Chicago, IL. The 
benzq[b]thiophene analogues of tryptophan, 5-hydroxytryptophan, and a-methyl- 
tryptophan and the 1 -methyl indole analogue of tryptophan v/ere supplied 
as racemates by Dr. Ernest Campaigne. Chemistry Department, Indiana University. 
Pargyline hydrochloride was kindly supplied by Abbott Laboratories. 
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All chemicals and reagents used were purchased from commercial sources. 
Ion exchange resin (CG-50, Type 2. 200-400 mesh) was obtained from MaTlin- 
ckrodt Chemical Co.. St. Louis, MO. Adult, male, Swiss-Webster mice 
(18-25 g) were purchased from Murphy Breeding Laboratories, Plainfield, 

IN, Hog kidneys were obtained fresh from the Vlinterlein Meat Packing 
Co., Bloomington, IN. 

Enzyme Preparation 

The procedure of Christenson ^ al [3], was followed through the 
second ammonium sulfate precipitation with modifications. All work was 
done at 4® C. Defatted hog kidney (300 g) was homogenized with 900 ml 
0.005 M NaH2P0^ pH 7.2 containing 0.01 M 2-mercaptoethanol in a Sorvall 
Omnimixer at high speed for one minute. This homogenate was centrifuged 
at 10,000 rpm (16,000 x g Sorvall RC2-B refrigerated centrifuge, rotor 
type GSA) for 30 min. The supernate was decanted and was brought to 37% 
saturation by the dropwise addition of pH 8.0 saturated ammonium sulfate 
solution. After stirring for 20 min., it was centrifuged as above for 
20 min. The supernate was again decanted and was brought to 55% satura- 
tion with saturated ammonium sulfate. After stirring for a further 20 
min., the solution was centrifuged under the above conditions for 20 
min. The supernate was discarded, and the precipitate was dissolved in 
150 ml of 0.01 M 2-mercaptoethanol. The enzyme was dialyzed overnight 
against 0.01 M 2 -mercaptoethanol and then frozen until use. Enzyme protein 

was determined by the method of Lowry, etal_ [25]. 

Incubation Procedure 

The frozen enzyme v/as allowed to thaw at room temperature prior to 
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use. All incubations were done in triplicate, using an incubation mixture 
modeled after Creveling and Daly [26] and consisting of: 0.2 ml 0.5M 

NaHgPO^ buffer (pH 7.0), 0.1 ml pyridoxal-5-phosphate (final concentration 
10' M), 0.01 ml pargyline HCl (final concentration 1.25 x 10 M), 0.02 
ml enzyme, 0.01 ml DOPA, and distilled water or inhibitor to a final volume 
of 1.0 ml. All incubations were done at 37® C for 10 min. under air in 
an Aminco constant temperature shaking incubator. The mixture was pre- 
incubated for 3 min. before addition of substrate. Each incubation 

m 

vessle contained 0.2 yCi DL-DOPA-2- C. Inhibitors, when used, were 

added in 0*5 ml volume 1 min. prior to the addition of the substrate; 

0.5 ml of H^O was deleted from the original reaction mixture to allow 

the final volume to remain at 1 ml. The enzymatic reaction was stopped 

-3 

by the addition of 0.1 ml 50% TCA. After addition of 0.1 ml of 1 x 10 
M DA as a carrier plus 10 mg ascorbic acid, 2 ml of 0.5 M KH2P0^ (pH 6.5) 
and NH^OH to obtain a pH of 6.5 was then added. The mixture was trans- 
ferred to centrifuge tubes and spun at 37,000 rpm in a lEC Model HN centri- 
fuge for 15 min. One ml of the incubate was then added to the ion exchange 
columns. Zero time points were prepared by the addition of 0.1 ml 50% 

TCA just prior to substrate addition. 

Analytical Procedures 

The columns were 1 ml disposable pipets cut to 12 cm in length with 
a 12 cc disposable syringe used as a reservoir. A three-way plastic 
stopcock connected the reservoir to the pipet. The resin (Amberlite CG-50) 
150 mg/column was prepared by the method of Hirs, ^ aV [27] and used in 
the Na+ form at pH 6.5. 
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After the V ml sample loading, the columns were washed with 8.0 ml 

of distilled water, then with 1 ml 2N HCl and 0.5 ml of the eluant was 

pipetted into a polyethylene vial containing 15 ml scintillation fluid. 

Each sample was counted twice for 10 min. in a Packard Tricarb Liquid 

Scintillation Spectrometer, Model 2425. Scintillation fluid was prepared 

by mixing 14 g BBOT ( 2 , 5 -bis- 2 -( 5 -tert-butylbenzoxazolyl )-thiophene, 280 g 

napthalene, 2000 ml toluene and 1400 ml 2-methoxyethanol . 

The ability of the ion exchange columns to separate DOPA from DA 

was tested by adding aliquots of DOPA (1^*0) to one set of columns and 
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DA (i‘+C) to another set at concentrations of 1 x 10 M to 1 x 10 M. 

The columns were then eluted and aliquots were collected and counted as 

_7 -4 

described above. Recovery of DA over the range 10“ - 10 M was 82 - 93% 

under these conditions. 

In Vivo Studies 

For in vivo experiments, drugs were made up in 0.5% methyl cellulose 
suspensions. Pretreated mice received 300 mg/kg of inhibitor i.p. 1.5 hrs. 
prior to a dose of 200 mg/kg L-DOPA (spec. act. 1 .97 mCi /mmole) p.o. 

Control mice received only 200 mg/kg L-DOPA (3H-G) p.o. All mice were 
sacrificed by decapitation 1 and 2 hours after DOPA administration. 

Tissue samples were removed, rinsed with saline and frozen immediately. 

The samples were assayed by a procedure modified after Taylor and Laverty 
[28]. Tissues were homogenized (Sorvall Omnimixer) for one minute in 4 ml 
0.4 M HCIO^ with 0.1 ml 10% EDTA and 5.2 mg ascorbate. The homogenate 
was centrifuged for 10 min. (lEC Model B-20) at 4“ C and 10,000 rpm. The 
precipitate v/as then washed with 2 ml of 0.4 M HCIO^, centrifuged, decanted 


and then washed again with 2 ml HCIQ^. The two washes were combined 
with the first centrifugation and the pH was brought to 6.5 with 5N 
KOH. The sample was then centrifuged (lEC Model HN) for 5 min. at 3.700 
rpm to remove KC10, precipitate. An aliquot {8 ml) was then added to an 
Ion exchange column prepared as described above. The 8 ml load was col- 
lected for further analysis. 

The column was washed with B ml H^O and the rinse combined with the 
liquid collected from the load. This fraction contains DOPA. and its 
acid and neutral (alcohol) metabolites. This was taken to dryness and 
dissolved In 2 ml 0.01 N HCl. Sufficient 2 N HCl was added to bring 
the pH to 1 prior to washing with 3 volumes of chloroform. Aliquots of 
0.5 ml of the aqueous phase (DOPA)were then pipetted to scintillation 

vials and counted. 

The remaining aqueous phase was aspirated off and the chloroform 
phase containing the alcohol and acidic metabolites was taken to dryness 
and reconstituted In 2 ml of 0.01 N HCl; 0.5 ml of this fraction was 
counted. The rinsed columns containing the DA and HE were eluted with 
1 ml 2 N HCl and 0.5 ml was transferred and counted. 

This extraction process was tested with authentic DOPA, 3-methoxy- 

4 -hydroxyphenyl ethanol, was chosen to represent the neutral (alcohol) 
metabolites, and homovanllllc acid (HVA), chosen to represent the acidic 
class. Concentrated samples of each phase described above were spotted 
adjacent to these spots. The papers were developed using two solvent 
systems, butanol/acetic acld/H^O (25:4:10) and 1sopropanol/2N HCl (65:35) 
and scanned (Packard Model 7200 Radio-chromatogram Scanner. Authentic 
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compounds were detected with Iodine vapor. The scan from the water 
fraction contained one major peak at “ 0.5 while the scan from the 
chloroform phase also showed one peak but of much less intensity at 
~ 1. Authentic DOPA ran in the butanol/acetic acid/H^O solvent 
system at an R^ of 0.29 and at an R^ of 0.85 in the isopropanol/HCl system 
Authentic 3-methoxy-4-hydroxyphenylethanol and HVA ran at an R^ of 0.93 
in both solvent systems. 

Data Processing 

Km, Vmax, and Ki were calculated using linear regression analysis 
of unweighted double reciprocal (1/V vs 1/[S]) data, using computerized 
procedures. 

RESULTS 

Initial Studies of DOPA Decarboxylation 

Using this system and purified hog kidney enzyme, initial studies 
showed the reaction for the decarboxylation of DOPA to be linear over the 
period of 2 - 10 minutes of incubation. The ranged from 1.96 x 10"** 
to 2.38 X 10 v/hen derived from data obtained over a range of substrate 

-5 _3 

concentrations of 5 x 10 to 1 x 10 M. Using a substrate concentration 

■ -5 ^ _3 

of 5 X 10 M and inhibitor concentration of 10” M a preliminary series 

of inhibition studies was performed. The results, presented in Table 1, 

show that the benzo[b]thiophene analogue of 5-hydroxytryptophan v/as the 

most potent inhibitor of the test series, almost twice as effective as 

o-methyl DOPA, while 5~hydroxytryptophan itself was only slightly less 

potent. 


Inhibition of DOPA Decarboxylation In Vitro 


Detailed kinetic studies were performed with 5-hydroxytryptophan, 

a-methyl “5-hydroxytryptophan, and the benzo[b]thiophene analogues of 

these two compounds. The results, presented in Table 2 , indicate that 

the benzo[b]thiophene analogue of 5-hydroxytryptophan was the most potent 

inhibitor of DOPA decarboxylation in the test system. In the case of 

a-methyl tryptophan, replacement of the indolic nitrogen with a sulfur 

atom led to a slight decrease in potency. The Lineweaver-Burke plot 

-3 

for the inhibition of DOPA decarboxylation by the 10 concentrations 
of the various compounds is shown in Figure 1. 

Studies of In Vivo Inhibition of DOPA Decarboxylation 

In an attempt to further test the efficacy of the most potent in vitro 
inhibitor, mice were pretreated with the benzo[b]thiophene analogue of 
5-hydroxytryptophan prior to the administrationof L-DOPA, and brain and 
kidney were removed at 1 and 2 hours for the assay of DOPA, DA and metabo- 
lites as described in Materials and Methods. Brain levels of total radio- 
activity were 44% higher after 1 hour in mice pretreated with the inhibitor 
this was reflected in significantly elevated levels of DOPA, DA, and 
metabolites (33%, 58% and 32%, respectively). No significant elevations 
were seen in brain levels of radioactivity at 2 hours, nor were any of 
the kidney levels significantly elevated. 

DISCUSSION 

The initial screening results presented in this paper indicate that 
the benzo[b]thiophene analogue of 5-HTP is the most potent inhibitor of 
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DOPA decarboxylation (Table 1). followed In order by a-methyl-DOPA, the 
benzo [b]thiophene and 1 -methyl indole analogues of tryptophan, and trypto- 
phan itself. These results are consistent with previous findings that a 
5-hydroxy function considerably increases the affinity of tryptophan for 
the enzyme [5,16,29]. One can also compare this to the relative rates 
of decarboxylation of 5HTP, tyrosine isomers and tryptophan. 5HTP and 
tyrosine isomers are decarboxyl a ted at a rate of 10 - 40% that of DOPA 
while tryptophan is decarboxyl ated 1-10% that of DOPA [5]. On this 
basis, the benzo[b]thiophene analogue of 5HTP should have the highest 
affinity followedj by a-methyl DOPA, tryptophan, and derivatives not having 
the 5-hydroxy group. The fact that the benzo[b]thiophene analogue of 
tryptophan is considerably more lipid-soluble than tryptophan [30], 
combined with the fact that it is sterically similar to tryptophan may 

facilitate binding to the active site of the enzyme. 

Lipid solubility would also explain why a-methyl tryptophan has 

more affinity for the enzyme than tryptophan. 1 -Methyl tryptophan is 
practically as lipid soluble as the benzo[b]thiophene analogue which 
would also facilitate binding to the enzyme. The fact that the bulk of 
the methylated indole nitrogen may prevent the compound from being as 
strongly bound to the enzyme probably dictates the order of affinity 
indicated in Table 1 . 

From the kinetic studies presented in figure 1 and Table 2, it is 
clear that substitution of sulfur for the indolic nitrogen increases the 
affinity of the enzyme for the 5-hydroxylated compounds, with virtually 
the opposite effect for a-methyl tryptophan. The bulki ness of the a-methyl 
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group may greatly effect the positioning of the structure within the 
active site thereby limiting the Interaction of the benzo[b]th1ophene 

nucleus with a specific area of the protein. Therefore, when looking 

at o-methylated compounds steric hinderance may be the limiting factor 

rather than the lipid solubility of the compounds. 

The small duration of effect seen when the benzo[b]th1ophene analogue 
of 5HTP was used as an In vivo pretreatment prior to administration of 
L-DOPA is somewhat disconcerting In view of the potency of this compound 
as an In vitro Inhibitor. However, only a single dose combination was 
tested, and nothing Is known of the rate of degradation and excretion of 
the Inhibitor. Further studles'are needed to explore the possible signifl 
cance of these compounds as Inhibitors of DOPA decarboxylation. 
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TABLE 1 


I nhibition of DOPA Decarboxyl ation by Various ConiDounds 
runs with 10 mins, of Incubation. ° of 4 - 6 repl icate 


Compound 

Tryptophan 
1 “Methyl tryptophan 
6-(3-Benzo[b]thienyl)>ct-alanine 
5“Hydroxytryptophan 

3-(4“Hydroxy-3“benzo[b]thienyl)-a-alanine 

a-Methyl OOPA 


% Inhibition 
0 . 0 % 
10 . 8 % 
31.1% 

83 .2% 
93.5% 
51.7% 


TABLE 2 


Inhibition of DOPA Decarboxylation by 5-OH and Analogues 


Values for KI were determined as described in Materials and Methods, 
using substrate concentrations from 5 x 10“^ M to lO"^ M and inhibitor 
concentrations of lO"** and 10"3 M. Each point was derived from 4-6 
replicate runs with 10 min. incubation. 


Compound 


a-Methyl DOPA 

7.7 X 10”** 

B-(3-Benzo[b]thienyl )-a-alanine 

1.9 X 10“^ 

a-Methyl tryptophan 

3.7 X 10”** 

a-Methyl -B"(3-Ben2o[b]thienyl)-a-alanine 

7.0 X 10”** 

5-Hydroxytryptophan 

2.1 X 10"** 

B-(5-Hydroxy-3-benzo[b]thienyl )-a-alanine 

5.8 X 10"** 
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Figure 1 : Lineweaver-Burke plots of inhibition of DOPA (5 x 10 ^M) 

decarboxylation by various compounds (10 M). DOPA alone ( )♦ 

methyl- 3 -( 3 -benzo[b]thienyl )-a-alanine *)* a-tnethyl tryptophan 

5-hydroxytryptophan ( — ••-*■)» and 3-{5-hydroxy”3-benzo[b]- 
thienyl)-a-alanine ° — ). 
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Because of its unique structure, tryptophan occupies a central position 
among amino acids and has stimulated interest in the study of the role of 
aromatic and heteroaromatic amino acids in the living organism. Since its 
discovery as one of ten essential amino acids (1)* numerous investigations 
of tryptophan metabolism have appeared in the literature, including one 
monograph (2). Considering only the initial reaction involved in tryptophan 
metabolism, these investigations have defined four distinct pathways: 

1. conversion to N-formylkynurenine bytryptophan pyrrolase; 2. conversion 
to 5-hydroxytryptophan by tryptophan 5-hydroxylase; 3. conversion to 
tryptamine by aromatic L-amino acid decarboxylase; and 4. conversion to 
indole-3-pyruvie acid by tryptophan aminotransferase or D- and L-amino 
acid oxidase. The significance and scope of these pathways have been 
examined in relation to their role in carcinoid tumor syndrome, Hartnup's 
disease, phenylketonuria, and maple syrup urine disease (3,4). 

An interesting aspect of tryptophan research has been the synthesis 

\ 

and biological evaluation of bioisosteric analogs of the molecule. The 
concept of bioisosterism (5) has provided a rationale for the design of 
compounds possessing similar spatial and electronic properties and has 
provided the basis for our study of bioisosteres of biologically active 
indole derivatives (6,7). As part of that study we have undertaken the 
investigation of the metabolic fate in the rat of DL-2{3-benzo[b]thienyl )- 
1-aminopropionic acid (l| . the sulfur analog of tryptophan which constitutes 


the subject of this report. 
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Materials and Methods 


Materials 

Animals 

Male Sprague-Dawley rats (Murphy Breeding Laboratories, Plainfield, 

IN), each weighing 350-400 g, were housed in separate metabolic cages 
(Maryland Plastics, Inc., New York, NY) designed to permit the separate 
collection of urine and feces. The animals were maintained on Purina lab 
chow and tap water ad libitum during the course of the experiment. 

Chemicals 

Compound I was synthesized by the method of Avakian, et ^ (8) and 
was tritium-exchange labeled (New England Nuclear Corp., Boston, MA) to 
give a specific activity of 3 Ci/mmole. The radiochemical purity of I 
was confirmed to be 98% by TLC^ (9) and scanning with a Packard model 7200 
radiochromatogram scanner. 

Authentic samples of DL-2-(5-hydroxy-3-benzo[b]thienyl )-l-aminopro- 
pionic acid, 5-hydroxybenzo[b]thiophene-3-acetic acid, 3-(2-aminoethyl)- 
benzo[b]thiophene, 3 -( 2 -hydroxyethyl )benzo[b]thiophene, and benzo[b]thio- 
phene-3-acetic acid (II) were supplied by Dr. E. Campaigne, Department of 
Chemistry, Indiana University, Bloomington, IN. Benzo[b]thiophene-3-pyruvic 
acid (III) and DL-benzo[b]thiophene-3-lactic acid (IV) were prepared from 
I by known procedures (10,11). N-(Benzo[b]thiophene-3-acetyl )glycine (V) 
was synthesized by the following procedure: 

N-(Benzo[b1thiophene-3-acetyl )-glycine (V) . 

In a 50 ml round bottom flask was placed 1.0 g (5.2 mmol) 
of II and 5.0 ml of thionyl chloride, and the resulting 
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solution gently refluxed for 2.5 hr. Excess thionyl chloride was 
removed under reduced pressure and the reaction mixture was 
dried by azeotropic benzene co-distillation. The resulting 
dark oil was dissolved in 4 ml of dry acetone and added to a cold 
solution of 1.5 g (20.0 mmol) of glycine in 30 ml of IN NaOH. 

The reaction mixture was allowed to warm to room temperature, 
decolorized (Norit), filtered, and acidified with concentrated 
HCl to give a yellow oil which was extracted with 3 x 25 ml 

ether. The combined extracts were washed with 0.2N HCl (20 ml), 

HgO {? x 20 ml), dried (MgSO^) and evaporated under reduced pressure 

to leave an amorphous yellow-white solid which Vifas recrystallized 

from water to yield 0.47 g (36%) of white plates, m.p. 162-163° C. 
Molecular weight: Calculated: 249.0460, Found: m/e 249.0460., 

Chromatographic and mass spectral data: see Table 2. The identity 

of this material with metabolite V was based on the correspondence 
of their TLC, GC, and GC/MS properties. 

Methods 

In Vivo Metabolism 

Five rats of equal age and weight were placed in individual metabolism 
cages inside a standard fume hood and were maintained on a light-dark 
schedule providing 0700 hr - 2300 hr light and 2300 hr - 0700 hr dark. 

At 0900 hr and 1500 hr animals were injected ip with a solution of I at a 
dose of (100 mg/kg) and (100 uCi); control animals were injected ip with 
an equal volume of O.OOIN HCl . 

Urine was collected under toluene for periods of 24 and 48 hr following 
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injection and was used immediately for the isolation and/or quantitation 
of metabolites, or was stored under N 2 at -5® C» For the determination 
of residual radioactivity at 48 hr, animals were sacrificed and exsangu- 
inated, samples of plasma, liver, kidney, brain, heart, lung, spleen, 
testis, and epidymal fat were collected and frozen. Feces were also collected 

and frozen. 

Radioactivity in each of these samples was measured in a Packard Tri- 
Carb model 2425 liquid scintillation spectrometer, with polyethylene vials 
and a cocktail composed of 14 g of 2,5 bis2-( -tert-butylbenzoxazolyl)- 
thiophene and 280 g of napthalene in a mixture of 2100 ml of toluene and 
1400 ml of ethylene glycol monomethyl ether. Duplicate aliquots (0.1 ml) 
of the toluene phase were counted directly, while duplicate aliquots (0.1 ml) 
of urine was diluted to 100 ml prior to counting. Samples of feces or 
tissue v/ere homogenized in 4 volumes of-O.OlN HCl and duplicate aliquots 
(0.5 ml) of each homogenate were counted. 

Isolation of Metabolites 

Since the 24 hr urine contained the most concentrated source of metabo- 
lites, it was chosen for isolation and characterization of the individual 
metabolites arising from I. Metabolites were isolated by a differential 
pH extraction procedure which gave seven fractions. The procedure (Fig. 1) 
consisted of taking 1 ml of urine and diluting with 1 ml of distilled water. 
The pH was adjusted to 1 .0 by the addition of approximately 0.3 ml of 2N 
HCl and the sample extracted with diethyl ether (2x4 ml). The combined 
ether fractions v/ere extracted with 2 ml of 5% sodium bicarbonate solution 
and the remaining ether solution, which consisted of uncharged lipid soluble 
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and weakly acidic compounds (phenols), was designated Fraction A . The 
sodium bicarbonate solution was adjusted to pH 1.0 by the addition of 
approximately 0.6 ml of 2N HCl and extracted with diethyl ether (2 x 4 ml). 
The ether fraction which contained carboxylic acids v/as designated Fraction 

B. 

The aqueous urinary fraction was next adjusted to pH 13.0 by the 
addition of approximately 0.70 ml of 2N NaOH and extracted with diethyl 
ether (2 x 4 ml). The resulting ether fraction which consisted of organic 
bases, was designated Fraction C . 

The aqueous urinary fraction was finally adjusted to pH 6.8 by the 
addition of approximately 0.36 ml of 2N HCl and extracted with diethyl 
ether (2 x 4 ml). The ether fraction which consisted of weakly polar 
neutral compounds, was designated Fraction D and the remaining aqueous phase 
which consisted of polar non-extractable neutral and amphoteric compounds, 
was designated Fraction E . 

In order to obtain a non-aqueous extract of Fraction E, non-ionic 
resin chromatography (NIRC) v/as employed. Pre-packed "Drug-Skreen XAD-2 
resin cartridge columns (0.9 x 5.0 cm), containing 2.0 ± 0*V g oi^ resin 
and sample reservoirs were used (Brinkmann Instrument Co. , Westbury, NY). 
Cartridges were sealed and stored at 5** C and brought to room temperature 
immediately prior to use. After assembly, columns were wetted with methanol 
(20 ml) and water (5 x 20 ml). A 2.0 ml aliquot of Fraction E was diluted 
to 10.0 ml with distilled water and passed through the column. The flow 
rate was adjusted to 0.2 ml /min and the sample recycled through the column 
three times to insure adequate adsorption. Columns were washed with water 
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(4 X 5 ml) and aspirated by means of a water aspirator for 5 min prior 
to the elution of the sample with methanol (2 x 5 ml). Column adsorption 
efficiency was 73%. The resulting methanol eluate was designated Fraction 
£ and the aqueous phase Fraction G . 

Duplicate aliquots (0.01 - 0.1 ml) of Fractions A - 6 were counted. 
Similar fractions were obtained from control urine, and were 

used as blanks. 

Thin-layer Chromatography 

All TLC was done using precoated, prescored uniplates containing 250 p 
silica gel G or GF layers (Anal tech, Inc., Newark, DL). Plates were developed 
in a solvent system prepared by shaking a mixture of chloroform/methanol/ 
fornic acid (75:5:5) with 2.0 ml of 0.01 M sodium borate (Na2B^0^,10H20) 
solution, followed by separation of the organic phase directly into the 
chromatography chamber (30 x 20 x 10 cm). The TLC plates were developed 
for a distance of 12 cm, air-dried for 30 min, then re-developed in the same 
direction and chamber for 12 cm. Since the plates were double-developed, 
the apparent retardation factor (R^' ) were expressed as a function of the 
as follows: 

R' = 2R^ - R^^ 

Visualization of the TLC plates was accomplished by chemical, fluor- 
escent or radiochemical methods. The chemical methods consisted of I 2 vapor, 
alkaline KMNO^ and ninhydrin sprays (12) and fluorescent visualization was 
achieved by inspection of silica gel GF plates under 254 nm UV light. Radio- 
chemical visualization of TLC plates was accomplished using a Packard model 
7200 radiochromatogram scanner. 
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Quantitation of urinary metabolites was achieved by spotting 10 yl 
of unmanipulated urine on a silica gel G plate^ developing as above, and 
scraping the TLC plate into 2 mm segments using an Isolab TLC plate 
scraper (Isolab, Inc., Akron, OH). The silica gel from each 2 mm segment 
was scraped directly into liquid scintillation vials containing 10 ml of 
liquid scintillation cocktail and the amount of radioactivity determined. 

Silylation 

Aliquots (2.0 ml) of Fractions A - F were evaporated to dryness under 
a stream of N 2 in teflon-lined screw-capped tubes. BSA (O.l ml) was added 
to each tube which was then sealed under Ng and heated at 50 - 60® C for 
5 min (Fractions A - E) or 1 hr (Fraction F). Authentic samples were 
derivatized in the same manner. 

Gas Chromatography 

GC separations were carried out on a Varian model 1840-3 gas 
chromatograph equipped with a flame ionization detector and model 20 
recorder. The column was a 6' x 1/8" silanized glass column packed with 
3% OV-17 on Gas-Chrom Q (80/100 mesh). The injector temperature was 
240® C, the detector temperature 280“ C, the N 2 flow rate 30 ml /min, and 
the column oven temperature was programmed from 70 - 270° C, with 4 min 
pre-program and post-program periods run at constant temperature. The 
GC analyses were obtained by injecting 1 - 2 yl of silylation solution 
with the simultaneous initiation of the temperature program described above. 
Tracings were obtained with an attentuation setting of 16 x 10"^® amps/m volt 

Gas Chromatography - Mass Spectrometry 

An LKB model 9000-S combination GC/MS Instrument (LKB Instruments, 
Rockville, MD) interfaced with a computer (System Industries, Sunnyvale, CA) 


was employed for structure determinations. The chromatographic columns 
used in this system were either a 3' x 1/8" silanized glass column packed 
with OV-17 on Gas Chrom Q (80/100 mesh) at 170° C, or a V x 1/8 silanized 
glass column containing 3,8% W-98 on Chromosorb W-Hp (80/100 mesh) at 190 C. 
Operating conditions were as follows: H flow, ml/min; flash heater, 

° C; column 170* C or 190° C; separator, °C; accelerating voltage, 

KV; ionization potential, 70 eV; trap current, amp; filament current, 
y amp . 

RESULTS 

Metabolites of I were found in highest concentration (76%) in the 
urine collected during the first 24 hr following administration (table 1). 

An additional 4% of the injected dose was excreted in the 24 - 48 hr urine 
and 5% in the 0 - 48 hr feces. Analysis of residual tissue levels of 
radioactivity 48 hr following administration of I indicated that only kidney 
and liver contained significant levels of activity; total tissue content 
was less than 4% of the injected dose. Using urinary and fecal excretion 
data and the residual tissue levels of radioactivity, it was possible to 
account for 89% of the administered ^ose of I. 

Since the 24 hr urine sample contained the highest concentration of 
metabolites it was selected for the isolation and identification of the 
individual metabolites. Isolation of urinary metabolites was accomplished 
by a differential pH extraction procedure (Fig. 1). Analysis of the radio- 
activity present in Fractions A - E indicated that Fractions B and E 
contained greater than 97% of the urinary radioactivity; Fraction B consisted 
of carboxylic acid metabolites and Fraction E consisted of non-extractable 


and/or amphoteric compounds. Metabolites present in Fraction E could readily 
be isolated in methanol ic solution (Fraction F) (16.5%) by means of XAD-Z 
column chromatography and the remaining aqueous phase was designated Fraction 
G (16.0%). Fractional distillation of Fraction G (13) indicated that approx- 
imately 10% of the urinary radioactivity of I was present in this fraction 
as [3R] water. The only metabolite present in Fraction G was unchanged I 
which failed to bey^absorbed by the XAD-2 column. Only trace amounts of 
urinary radioactivity was found in Fractions A, C, and D. 

The number of metabolites present in Fractions B and F were determined 
by evaluation of their GC profiles. The GC scans of compounds present in 
Fractions B and F, obtained from control and dosed animals, are presented 
in Fig. 2 and Fig. 3, respectively. Examination of Fig. 2 revealed the 
presence of four carboxylic acid metabolites, which when compared to authentic 
materials possessed retention times identical to metabolites II - V, (Table 2). 
Similarly, examination of Fig. 3 revealed the presence of a single metabolite 
which exhibited a retention time identical to I. When the metabolites 
present in Fractions B and F were examined by TLC, values similar to 
authentic materials were obtained in each instance (Table 2). Complete 
Identification of each urinary metabolite was accomplished by GC/MS. Total 
mass spectra were obtained for each metabolite and were computer matched 
against spectra obtained from authentic samples (Table 2); in each instance 
perfect agreement was obtained and the metabolites fragmented according to 
expected pathways. 

The quantitation of urinary metabolites was readily achieved by 
quantitatTve TLC which depended upon development of a suitable solvent 
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tem (Table 2 ). The quantitative data (Table 3) indicated metabolite 
. .0 be the major metabolite (46.1%), accounting for more than twice that 
of unchanged I (20.6%). Metabolites II - IV account for the remaining 
urinary radioactivity. Individual variation of metabolites was found to 
be minimal; no value for any metabolite level in any animal exceeded 1 S.D. 
from the mean level for the entire population. 

DISCUSSION 

The results presented in this report reveal significant differences 
in the metabolism of tryptophan when the indole nucleus is replaced by 
benzo[b]thiophene. In contrast to tryptophan metabolism where only small 
amounts of the administered dose are excreted in the first 24 hr (14), the 
bulk of I metabolites (76%) are excreted during this time period. An 
additional 4.2% of the injected I was excreted in the 24 - 48 hr period 
following administration and 4.8% appeared in the feces; thus, greater 
than 85% of the administered dose of I v/as excreted in the 48 hr following 
administration. 

A review of the literature (14) on the quantitative aspects of trypto- 
phan metabolism indicated that the major portion of administered tryptophan 
is metabolized by tryptophan pyrrol ase along the hynurenine pathway. 
Metabolites derived from the tryptophan 5-hydroxylase pathway account quanti- 
tatively for only a small percent of the administered dose, while metabolites 
derived from the aromatic L-amino acid decarboxylase, tryptophan transam- 
inase, and D- and L-amino acid oxidase pathways were insignificant. In 
light of the pathways available to I, it was surprising that its metabolism 
occurred by only one of these pathways; namely, the a-keto acid pathway 
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(Scheme 1). Thus, the immediate questions which can be posed are of two 
distinctly different types: 1, What are the characteristics of the a-keto 

acid pathway which make it the sole route of metabolism?; and 2. What are 
the characteristics of the other metabolic pathways, which, though antici- 
pated, were apparently not involved? 

The a-keto acid pathway of endogenpus tryptophan metabolism is one of 
the more complex and least understood pathways. It can occur by either trans 
amination or oxidative deamination; the former being a reversible process 
catalyzed by aminotransferase enzymes which require pyridoxal phosphate, 
and the latter being an irreversible process which liberates ammonia and 
is catalyzed by D- or L-amino acid oxidase (15). 

The study of tryptophan animotransferase specificity and multiplicity 
has been actively pursued for nearly two decades. Early studies (16,17) 
presented evidence for the existence of at least two hepatic enzymes capable 
of transaminating tryptophan, which could be adaptively increased (18). 
Recent work (19,20) has both supported and expanded these earlier findings. 

The role of transamination in the metabolism of I is difficult to 
access due to the existence of D- and L-amino acid oxidases. Even before 
transamination was recognized as a biochemical pathway, Neubauer had shown 
that aromatic amino acids could be ixidatively deaminated to the corres- 
ponding a-keto acids. Subsequently, Krebs showed that tissue slice prepar- 
ations of liver of kidney from normal animals could catalyze the oxidation 
of either D- or L-isomers of as many as twenty-five amino acids (22,23). 
Little progress has been made in understanding the chemistry of these tv/o 
enzymes; however, Freter ^ (24) did demonstrate that 5-hydroxytrypto- 
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phati could be oxidized to 5-hydroxy1ndole-3-pyruv1c acid by L-amIno acid 
oxidase and further broken down to 5-hydroxy1ndo1e-3-acet1c acid, a pathway 
predicted by Blaschko & Hoge (25). 

There remains, of course, the question of the metabolic fate of benzo- 
[b]-thiophene-3-pyruvic acid. a*Keto acids are known to be readily decar- 
boxylated to arylacetic acids; a reaction demonstrated for indole-3-pyruvic 
acid. At least two enzyme systems requiring thiamine pyrosphosphate are 
known to catalyze this reaction: one oxidative and the other non-oxidative 
(15). Accordingly, they lead to different products: an acetyl-sCoA and 
acetaldehyde derivative, respectively, which may be hydrolyzed and/or oxi- 
dized to the corresponding arylacetic acid. In addition, a-keto acids are 
known to undergo non-enzymatic decarboxylative decomposition. In order to 
determine the stability of III under the conditions of urine collection, 
a sample of III was incubated in control urine and analyzed at frequent 
intervals between 2 - 36 hr. The results indicated that III undergoes 
spontaneous decarboxylation in urine at a sufficiently rapid rate to account 
for the total urinary content of II. 

Compound III can also be reduced to IV in a reversible reaction cata- 
lyzed by lactate dehydrogenase. This enzyme is not highly specific and 
has been shown (16) to be capable of reducing arylpyruvic acids. More 
recently Zannoni and Weber (26) have isolated and characterized an aromatic 
a-keto acid reductase from dog heart which was NADH-dependent and capable 
of reducing indole-3-pyruvic acid. 

The final biotransformation of III Involves amino acid conjugation, 
or more specifically glycine conjugation to produce V which was the major 
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» K ntP ID 1 Elvins and LaidUw (27) first observed N-(1ndole- 

urinary metabolite to l. tivmb aim 

j. 4 fnllowinQ the administration of 

3-acetyl)glycine (indoleaceturic acid) following . , , „ 

trypta^ine to dogs. The In vitro biochemistry of this reaction has e. 

worked out in detail (28) and the entyme which catalyzes the 

,iycine N-acyltransferase. has been purified and characterized (28). Hor 

to glycine conjugation, however. 11 must be activated to the corresponding 

acyl CoA derivative, the intermediate in the ozidative decarboxylation of 

penally, one must consider the characteristics of the tryptophan path- 
ways which are anticipated but apparently not involved. The first pathway 
was that of decarboxylation which was not highly anticipated since our 
laboratory (30) had shown that 1 was not a substrate for aromatic L^amino 

acid decarboxylase. A careful search for the sulfur analog of 

Praction C failed to detect its presence at levels of O.U of the adminis- 

cored dose. Nevertheless, the presence of 11 and its glycine conguga e ^ 

1 that Dossibility; however, Buckpit-t 

„«de it difficult to definitively rule out that pos 

(30) using pargyline pretreated rats was unable to detect any amine 

the administration of I. _ 

«bile the absence of decarboxylation was expected, the complete absenc 

of the tryptophan pyrrolase and B-hydroxylase pathways was somewhat surpr.ing 

partial explanation for this observation may be the higher — " " 

of the indole nucleus relative to benzo[b]thiophene and its propen 

electrophilic attack (6). Presumptive metabolites of the tryptophan pyrro- 

use pathway could not be assessed because potential metabolites are unknown 

compounds. In contrast, the availability of three important B-hydroxy 
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. an»loqS of 5-bydroxy tryptophan , 5-hydroyy- 

derivatives. the benzo H possible to demonstrate 

tryptamine and 5-hydroxy n 0 . as urinary metabolites of I at 

.... .... .t «h«. 
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TABLE 1 


Fyrretion and tissue disposition of trypto phan-S and metaboli ; ^^ 


Sample 


Radioactivity 


% of Administered Dose 


Urine (0-24 hr) 
Urine (24-48 hr) 
Feces (0-48 hr) 


152.8 pCi 
8.4 pCi 
9.6 pCi 


76.4 

4.2 

4.8 


Plasma 

Liver 

Kidneys 

Lungs 

Heart 


3.52 pCi/ml 
1 .60 pCi/g 
0.9 pCi/g 
0.26 pCi/g 
0.22 pCi/g 


1.76 

0.80 

0.45 

0.13 

0.11 


Testes 

Spleen 

Fat 

Brain 


0.34 pCi/g 
0.12 pCi/g 
0.16 pCi/g 
0.18 pCi/g 


0.17 

0.06 

0.08 

0.09 


®Mean value of duplicate determinations are shown. 
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TABLE 3 

Cl Urinary excretion of tryptophan- S and metabolites _by„r^ 

The values shown are mean % of dose S.D. for a group of five rats 


Compound ' 

% of dose 


Tryptophan-S (I) 

20.6 ± 0.8 


Metabolites 

II 

III 

IV 

V 

1.3 + 0.1 


14.2 ±1.4 
4.9 ± 0.3 


46.2 ± 1.7 

, — 
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Legends 


Fig. 1 


Fig. 2 


Fig. 3 


. Scheme for the isolation of metabolites from rat urine. 


. GC separation of IMS derivatives present in Fraction B obtained 
from control (A) and drug-treated rats (B). Numbers II-V denote 
metabolites. 


. GC separation of IMS derivatives present in Fraction F obtained 
from control (A) and drug-treated rats (B). Number I denotes 
the parent compound. 
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ABSTRACT 


The effects of 5,6-dihydroxytryptamine (5,6-DHT) and its benzo- 
rb]thiophene analogue (5,6-DHT-S) have been compared with regard 
to their ability to influence tissue levels of 5HT and NE in rats. 
After i.p. administration, both compounds caused significant reduction 
in NE levels in heart and spleen, while only 5,6-DHT reduced spleen 
5HT, and neither compound had any effect on brain NE or 5HT. When 
administered directly into the lateral ventricle, both compounds 
caused reduced NE levels; the duration of effect was less than 1 day. 
In contrast to the prolonged lowering of brain 5HT and 5HIAA observed 
after 5,6-DHT, the benzo[b]thiophene analogue was without effect. 


INTRODUCTION 


The search for compounds to use as biochemical tools for 
examining the function of neurotransmitter systems has seen a 
significant volume of publications in the past decade, especially 
in terms of those systems involving biogenic amines. For example, 
the initial discovery of the long-lasting depletion of heart 
norepinephrine (NE) following administration of a single dose 
of 6-hydroxydopamine (6-HDA) [1] led to hundreds of studies of the 
latter compound and culminated in its present characterization 
as an agent capable of producing a "chemical denervation" of 
adrenergic neurons [2], Because of the poor ability of 6-HDA to 
penetrate the blood-brain barrier, it was soon found that injections 
into the lateral ventricles or other area(s) of the brain were 
necessary to obtain effects on central norepinephrine systems [3]i 
once the blood-brain barrier was bypassed, expected effects were 
obtained [4]. 

In 1971 , Baumgarten and coworkers [5] published the first 
report of the actions of 5,6-dihydroxytryptamine (5,6-DHT), a 
compound apparently analagous to 6-HDA, but active only on those 
neuronal fibers containing serotonin (5HT). Since that first 
report, a number of papers have appeared confirming the fact that 
5,6-DHT caused selective degeneration of indoleamine terminals 
in a manner similar to that caused by 6-HDA on adrenergic neurons 
[6-8]. As with 6-HDA, the poor ability of 5,6-DHT to cross the 
blood-brain barrier demanded that the compound be administered 
by intraventricular injection in order to obtain an effect on 
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brain 5HT [5-9], 

Additional efforts by Baumgarten, ^ a1_ [10] demonstrated 
that peripheral administration of 5,6-DHT produced a marked decrease 
of NE levels in heart and spleen of rats and mice, although the 
NE levels returned to normal in 24 hours. In this regard, it is 
of interest that Heikkila and Cohen [11] found that 5,6-DHT was 
an inhibitor of 5HT and dopamine uptake by brain slices; in contrast, 
6-hydroxydopamine under similar conditions inhibited dopamine 
uptake but was without effect on 5HT uptake. Decreased uptake of 
5HT by brain synaptosomes in vitro has been demonstrated by 
Baldessarini and Gerson [12] to occur after pretreatment of rats 
with 5,6-DHT; these authors found no reduction in NE uptake by spinal 
cord synaptosomes. Richardson, et al [13] found depletion of brain 
5HT but not brain NE at 14 days after a single dose of 5,6-DHT. 

Against this background, one unusual report is that of Costa, ^ al_ 

[14] who found that samples of 5,6-DHT differed in potency as measured 
by their effects on 5HT. 

This laboratory has been interested in the application of 

principles of selective molecular modification as a means of studying 
biological structure-activity relationships of indolic compounds for 
a number of years. In particular, efforts have centered on the pharma- 
cological effects of the benzo[b]thiophene and 1 -methyl indole analogues 
of indolealkylamines [15-17], the intestinal absorption of similar 
analogues of tryptophan [ 18 - 19 ], and the substrate specificity of 
aromatic-L-amino acid decarboxylase with regard to tryptophan analogues 


[20]. Recently, the synthesis of 5,6-DHT-S [21] made available 
sufficient materia’ to permit a detailed study of the role of the 
indolic nitrogen in the action of 5,6-DHT on monoaminergic systems. 

MATERIALS AND METHODS 

Adult, male Sprague-Oawley rats (275 - 300 g) were obtained 
from Murphy Breeding Laboratories, Plainfield, Indiana and maintained 
for at least five days prior to use on a diet of Purina Laboratory 
Chow and tap water M Ui • chemicals and reagents were purchased 
from commercial sources. 

Drugs given intraperitonealTy were made up as solutions in 
distilled water such that the specified dosage in mg/kg was contained 
in a volume of 1 ml/kg body weight. Drugs injected intraventricularly 
were dissolved in diluted mammalian Ringer's solution (1/3 distilled 
water, 2/3 Ringer's solution) containing 0.1 mg ascorbic acid per 
milliliter at concentrations such that the desired dose was given 
in a 10 yl volume. 

Intraventricular injections of drugs were accomplished according 
to the method of Noble, et^ [22] with the following modifications. 
Injection volumes were delivered by Hamilton 50 yl syringes and 
limited to 10 yl maxima. The syringes were equipped with 3/8" 
27-guage needles and were stereotoxically placed to a depth of 
3.75 ± .05 mm in the lateral ventricle. Following injection, the 
hole in the skull was closed with bone wax, the wound was dusted 
with sulfathiazole and closed with wound clips. 

Rats were sacrificed by decapitation, and tissues were removed. 


washed in cold 0.9% saline, blotted dry and stored at - 
until assay. Brains were dissected Just prior to assay Int 
sections: cerebral hemispheres, cerebellum, and the rema,nder 

(arbitrarily referred to as -brainstem",. Tissue levels of 
NE. and 5HIAA were determined as reported by Miller, et a_ [ 

RESULTS 

nf Pare "^eral Adm1n1strat1on^fjii:D!iLjn^^ 

The results obtained after administration of single i.p. doses 
nf B.6-DHT and 5.6-DHT-S (30 mg/kg) to rats are presented In Table 1. 

;L;esults for heart ME Show the compounds to be Virtually fdentlc^^ 

an initial decrease to minimal values of approximately 50% of zero 
Ume values Is followed by a return to slightly above normal lev^ 
hy 16 hours after dosage. The actions of the two analogues on spl 

KE were slightly different. 5.6-DHT reduced spleen ME levels to 
minimal value of less than 50% of control at 8 hours after dosage; 
nf ea hours values were still only of control. The action of 
5.6-DHT-S was slightly less effective (Just reaching the 50% level 
of depletion at 4 hours, and shorter In duration, returning to norma 

levels by 16 hours after dosage. 

The results for 5HT in spleen were gulte different In terms of 
U n fi nHT caused a significant and persistent 

the two compounds. 5.6-DHT causeo a , , 

aecrease. reaching a minimal level of about 50% of control a 

hours and lasting beyond the 24 hour time point. In contras . 

5, 6-OHT-S produced an InltiaT Increase In spleen 5HT. peak ng a 
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2 hours, and returning to normal levels by 4 hours. As might be 
expected, no effects whatsoever were seen with either compound in 
terms of brain 5HT or NE. 

Time Course of Effects of Intraventricular Administration of 5,6-DHT 
and 5,6-DHT-$ 

Since the blood-brain barrier prevented the 5,6-dihydroxy 
compounds from having any effects on brain biogenic amines, a series 
of studies were performed with the injection of the compounds directly 
into the lateral ventricles of the rat brain. Because of the well- 
known differences in amine biochemistry in various brain areas, 
brains were divided into three parts prior to the assay. These 
results are presented in Tables 2, 3, and 4 for NE, 5HT and 5HIAA, 
respectively. 

The effects on NE levels, as shown in Table 2, show that both 
the indole and benzo[b]thiophene compounds are completely inactive 
at the lowest dose of 20 yg/rat, v/hile some slight but significant 
decreases are seen at the higher doses. In the cerebral hemispheres, 
5,6-DHT causes a significant reduction of NE levels at both 40 and 
80 pg doses from 2 to 16 hours. In contrast, 5,6-DHT-S significantly 
lowers NE at the 40 yg dose only at the 4 hour time point, while the 
80 yg dose of the benzo[b]thiophene compound is effective in lowering 
NE levels at the 4, 8, and 16 hour points. Cerebellar NE levels 
were significantly lowered by 5,6-DHT at 1 and 2 hours after doses 
of 40 or 80 yg/rat; the only point showing a significant effect of 5,6 


DHT-S was at 1 hour after the 80 yg/rat dose, where a decreased NE 
level was observed. In the brainstem portion, neither compound 
had a significant effect on NE levels at the lowest (20 yg) dose; 
the 1 hour time point showed a modest, though not statistically 
significant lowering of NE. At a dose of 40 yg/rat, 5,6-DHT 
Icwered brainstem NE significantly at the 1, 2, and 4 hour points, 
while at the 80 yg/rat doses, both 5,6-DHT and 5,6-DHT-S significantly 
lowered the NE at 1, 2, and 4 hours. 

The effects of the two compounds on 5HT levels were distinctly 
different, as shown in Table 3. 5,6-DHT-S was completely ineffective; 

no significant alterations in 5HT levels were seen in any brain 
area, at any dose or time point. In contrast, the effects of 5,6- 
DHT were clearly unique to each brain area. In cerebral hemispheres, 
the lowest dose (20 yg) of 5,6-DHT was ineffective, the intermediate 
dose (40 yg/rat) caused significant lowering of 5HT levels from 2 
hours through 2 days, and the high dose (80 yg/rat) was effective 
for at least 16 days. Cerebellar 5HT was relatively resistant 
to the effects of 5,6-DHT; a significant lowering was observed 
only at 16 hours, 1 day and 4 days after the highest dose (80 yg/rat). 
In the brainstem, the low dose (20 yg/rat) of 5,6-DHT caused a 
significant lowering of 5HT at the 4 hour and 1 day points, while 
at the highest dose (80 yg/rat) , 5HT levels were significantly 
depressed from the 1 hour point to at least 16 days. The inter- 
mediate dose (40 yg/rat) decreased brainstem 5HT from the 1 hour 
point through 8 days; the lack of statistical significance at the 
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16 hour, 1 day and 4 day points may be attributed to the larger 
standard deviations obtained. 

The effects on 5HIAA levels in the various brain areas are 
shown in Table 4. With the exception of the 2 hour point after 
the high (80 yg/rat) dose of 5,6-DHT-S in brainstem, no significant 
changes in 5HIAA levels were seen. A lowering of 5HIAA was seen 
after the high (80 yg/rat) dose of 5,6-DHT in cerebral hemispheres 
at all time points from 4 hours to 16 days. At the intermediate 
dose (40 yg/rat) a lowering of hemisphere 5HIAA was seen from 4 
hours to 8 days, although only the 16 hour and 4 and 8 day points 
were statistically significant. No changes were observed after the 
low dose. Cerebellar 5HIAA was resistant to the effects of 5,6- 
DHT; only a few time points at the high dose were significantly 
lowered. In general, the effects of the high dose of 5,6-DHT on 
brainstem 5HIAA reflected the actions of the compound on 5HT, that 
is a lowering from 2 hours through 16 days, although the 4 hour 
time point was not statistically significant. The intermediate 
(40 yg/rat) dose showed a significant lowering of brainstem 5HIAA 
only at the 4, 8, and 16 hour time points, while the lowest dose 
had a significant effect only at 4 hours and 2 days. 

DISCUSSION 

Since the first report by Baumgarten and co-workers on the 
selective neurotoxicity of 5,6-DHT [5] this compound has been of 
wide interest to investigators dealing with various aspects of 
serotonergic function in animals. Of partTcular interest has been 



the selectivity of the compound; its ability to cause damage to 
serotonergic stores without affecting catecholaminergic stores is 
unique, as is its exceptionally long duration of action [5-13]. 
Although some questions have been raised of its relative potency 
(perhaps due to an impurity in some preparations), 5,6-DHT has, 
in general been shown to be an effective and selective serotonin 
neurotoxin [14]. 

For the past 8 years, this laboratory has had a continuing 
interest in the comparative actions of benzo[b]thiophene analogues 
of indolic compounds having biological significance. Beginning 
with the comparative effects of serotonin and its benzo[b]thio- 
phene analogue [15], and continuing through the pressor effects of 
tryptamine and its benzo[b]thiophene and 1 -methyl indole analogues 
[16] studies have shown that certain similarities and differences 
in pharmacologic potency exist with regard to the atom located at 
the 1-position of the heterocycle. For example, the substitution 
of a sulfur atom for the ring nitrogen in tryptophan has little 
effect on the active transport of the molecule across the intestine 
[19]; however, the slightly greater lipid solubility of the benzo- 
[b]thiophene analogue of tryptophan does lead to a slightly more 
rapid passive diffusion component in the in situ perfused intestine 
[18]. When the analogues of tryptophan were tested as substrates 
for aromatic-L-amino acid decarboxylase, however, replacement of 
the indolic nitrogen by a sulfur atom led to a complete loss of 
substrate activity [20]. 
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The possibility of examining the neurotoxic action of 5,6-DHT 
by use of its benzo[b]thiophene analogue led to its synthesis [21] 
and the comparative studies reported in the present paper. When 
administered parenterally to rats, 5,6-DHT-S had an effect on NE 
in heart and spleen basically similar to that of 5,6-DHT, that is, 
a modest depletion seen over 2-8 hours after dosage. No effects 
of either compound could be measured on brain NE or 5HT, nor did 
the benzo[b]thiophene have any effect on spleen levels of 5HT, 
other than a modest elevation at the 2 hour time point (Table 1). 

When administered by direct injection into the lateral ventricle 
of the rat brain, 5,6-DHT-S had, in general, effects on NE similar 
to those of the indolic 5,6-DHT (Table 2), although the benzo[b]- 
thiophene analogue is only about half as potent. In sharp contrast, 
however, are the data presented in Tables 3 and 4, clearly demon- 
strating that the 5,6-DHT-S has no effects on brain 5HT whatsoeveril 

V. 

The actions of 5,6-DHT, as reported in the present paper, are basically 
in agreement with previous reports, especially that of Costa, 

[14]. Thus the cerebellum is most resistant to the 5HT-depleting 
actions; no significant effects are seen until the dose of 80 ^9 is 
reached. Another similarity is the extent of 5HT depletion seen 
with 5,6-DHT. The material used in this study was obtained from the 
Regis Chemical Company, is presumably similar to that described as 
5,6-DHT-II by Costa, etal^ [14], and therefore is slightly less potent 
than the material originally used by Baumgarten and co-workers [5]. 
Perhaps the most significant aspect of the present report lies in 


the Inability of the benzo[b]thiophene analogue of 5,6‘DHT to exert 
any significant effects on levels of 5HT. One explanation for this 
striking difference may lie in the possibility that the action 


of 6,6-DHT on 5HT stores requires an Intermediate quinone-type 
structure as has been proposed for 6-hydroxydopam1ne [24]. If one 
considers the structures of 5.6-DHT and Its benzo[b]thiophene analogue: 



it treasonable to assume that a likely qulnone structure can be 
proposed for the Indollc compound that would not be chemically 


feasible for the benzo[b]thiophene: 



This may be the structure active in causing 5HT depletion and degener- 
atlon of serotonergic fibers. In this sense, both compounds might 
be expected to have a short-acting effect on NE stores, merely 
since they both contain a catechol function that could act as a non- 
specific substitute for catecholamines in their storage processes. 
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TABLE 1 


EffeGts of Parenteral Administration of 5,6-DHT and 5«6-DHT-S 

Each value is the mean ± S.E.M. of values obtained from 4 animals, 
except that control values are obtained from 16 rats. Values that 
significantly differ from control (p < .05) are underlined. 


Time 

Compound* 

Heart NE 

Spleen NE 

Spleen 5HT 

Brain NE 

Brain 5HT 

(hrs) 

yg/g 

yg/g 

yg/g 

yg/g 

yg/g 

0 


0.29±.02 

0.42±.07 

1.40±.09 

0.49±.04 

0.61 ±.04 

1 

H 

0.19+.02 

0.33±.02 

1.35±.16 

0.47±.03 

0.61±.03 


S ■ 

0.2^-±.02 

0.28±.01 

1.92±.18 

0.49±.05 

0.64±.07 

2 

N 

0.14±.01 

0.25±.02 

1.14±.08 

0.48±.02 

0.58±.07 


S 

0.15±.01 

0.28 ±.03 

2.21±.28 

0.51 ±.05 

0.59±.04 

4 

N 

0.17±.01 

0.21 ±.01 

1.16±.13 

0.50±.03 

0.60±.06 


s 

0.1 8 ±.03 

0.21 ±.04 

1.56+.10 

0.48±.03 

0.58±.05 

8 

N 

0.25±.02 

0.20±.01- 

0.97±.07 

0.51 ±.06 

0.57 ±.03 


S 

0.23 ±.01 

0.25±.04 


0.46±.02 

0.62±.02 

16 

N 

0.33±.02 

0.25 ±.04 

0.72±.05 

0.47 ±.03 

0.65±.07 


S 

0.30±.02 

0.37±.02 

1.64±.21 

0.50±.05 

0.58±.03 

24 

N 

0.31±.01 

0.30±.03 

0.85±.06 

0.48±.02 

0.61 ±.02 


S 

0.27 ±.03 

0.39±.04 

1.53±.04 

0.45 ±.05 

0.59±.05 


*N = 5,6-DHT; S = 5,6-DHT-S 


':v ^ - - 2 - ^ : : 

j^ , , ■ " 

'■^prp' . . -. 

' Effects Of rntraventricular Dosage of Compounds on Regional Brain NE 



Time/Dos age’*' 

Cerebral Hemispheres 


Cerebell urn 



Brainstem 






20yg 

40 ug 

80yg 

20yg 

40yg 

80yg 

2M 

40yg 

80yg 

0 


hrs 


0.35±.06 

0.43±.04 

0.40+.05 

0.14±.02 

0.17±.01 

0.17±.02 

0.98±.13 

1.05±.08 

1. Oil. 11 

1 


hrs 

N 

0.34±.07 

0.37+.06 

0.36±.04 

0.13+.02 

0.12±..03 

0.13±.02 

0.76±.19 

0.85±.06 

0.85+.10 


11 


S . 

0.37±.07 

0.33±.07 

0.39±.07 

0.16±.03 

0.17±.03 

0.13±.02 

0.74±.19 

0.99±.05 

0.70±.13 

2 


hrs 

N 

0.32±.T0 

n ^n± 04 

0.28±.07 

0.13±.03 

0.14±.02 

0.13±.02 

0.8U.16 

0.85±.09 

0.741.14 


II 


S 

0.37±.04 

0.37+.05 

0.37±.04 

0.13±.03 

0.1.6±.02 

0.15±.03 

0.84±.ll 

0.99±.n 

0.721.14 

4 


hrs 

N 

0.32±.08 

0.31±.07 

0.29±.03 

0.13±.04 

0.17±.03 

0.16±.02 

0.93±.n 

0.75±.10 

0.771.06 


U 


s 

Q.43±.12 

0.35±.02 

0.34±.04 

0.15±.02 

0.15±.02 

0.16±.02 

0.92±.06 

0.911.11 

0.791.10 

8 


hrs 

N 

0.41 ±.05 

0.30±.09 

0.30±.05 

0.12±.04 

0.16±.04 

0.16±.02 

1.03±.12 

0.99±.08 

0.911.13 


u 


S 

0.37±.03 

0.37±.05 

0.27±.08 

0.15±.01 

0.16±.02 

0.16±.03 

0.98±,11 

0.921.13 

0.931.16 

16 


hrs 

N 

0.42±.10 

0.30±.09 

0.27±.03 

0.13±.03 

0.15±.04 

0.14±.03 

0.88±.09 

1.071.17 

0.931.11 


u 


S 

0.36±.09 

0.43±.04 

0.32±.04 

Q.12±..02 

0.19±.02 

0.15±.02 

0.97±.09 

1.071.09 

1.041.11 

ro 

^ 1 


day 

N 

0.36±.03 

0.35±.05 

0.34±.09 

0.n±.03 

0.15±.02 

0.14±.03 

1.02±.17 

1.081.06 

0.941.10 


11 


S 

0.39±.06 

0.39±.04 

0.30±.09 

0.13±.03 

0.17±.02 

0.17±.01 

0.93±.15 

1.031.14 

0.931.11 

2 


days 

N 

0.33±.08 

0.35±.05 

0.43±.05 

0.15±.02 

0.17±.02 

0.15±.03 

0.90±.ll 

1.131.14 

0.931.11 


11 


S 

0.35±.ll 

0.34±.05 

0.37±.02 

0,13±.03 

0.15±.03 

0.16±.02 

0.94±.15 

0.971.16 

0.901.17 

4 


days 

N 

0.37±.06 

0.4U.06 

o.4i±.n 

0.12±.02 

0.18±.03 

0.17±.01 

0.92±.19 

1.081.11 

0.931.13 


11 


S 

0.33±.06 

0.36±.04 

0.43±.09 

0.11±.03 

0.16±.02 

0.17±.02 

0.89±.17 

1.091.11 

0.891.14 

8 


days 

N 


0.40±.08 

0.37±.05 

A « » 

0.18±.03 

0.15±.01 


1.131.15 

0.921.09 


tt 


S 


0.41 ±.05 

0.43±.04 

— 

0.18±.02 

0.16±.02 


1.121.13 

1.051.11 

16 


days 

N 



0.35±.12 




0.16±.02 


— 

0.981.07 


11 


S 



0.35±.08 


— 

0.15±.03 

— 


0.591.05 


*N = 5,6-DHT; S = 5,6-DHT-S 

Each value is the mean + S.E.M. of values obtained from 4 animals, except that control values are obtained 
from 16 rats. Values that significantly differ from control (p < .05) are underlined. 


TABLE 3 


Effects of Intraventricular Dosage of Compounds on Regional Brain 5HT 


T ime/ Dosage’' 


Cerebral Hemispheres 


Cerebellum 


Brainstem 


0 

hrs 


20p9 

0.34+.04 

40pg 

0.3TT04 

80vg 

0.331.02 

20yg 

0.201.03 

40yq 

0.181.01 

80yq 

0.191.02 

20yq 

1.091.11 

40yg 

1.0^16 

80yq 

1.T7±T13 

1 

hr 

li 

N 

S 

0.35±.03 
0.31 +.03 

0.291.05 
0.301. 03 

0.321.04 

0,331.05 

0.191.02 

0.211.02 

0,151.02 

0.181.03 

0.161.02 

0.961.17 

0.961.16 

0.961.17 

0.841.11 
1 .OOi.Tl” 

0.851.13 

1.181.18 

2 

ftfs ■ 

II 

N 

S 

0.29±.03 
0.31 ±.06 

0.261.02 

0.281.05 

0.291.03 

0.311.04 

0.201.04 

0.221.05 

0.161.02 

0.161.02 

0.181.02 

0.191.03 

1.001.17 

1.171.15 

0.801.13 
0.871. 1'3“ 

0.891.06 
1. 111. 11 

4 

hrs 

M 

N 

S 

0.29±.04 

0.34+.02 

0.241.03 

0.311.16 

0.261.03 

0.311.04 

0,171.03 

0.201.03 

0.171.02 

0.171.03 

0.171.02 

0.221.04 

0.901.08 

1.131.07 

0.751.12 

0.881.15“ 

0.841.16 

1.051.11“ 

8 

hrs 

N 

0.31±.02 

0.251.03 

0.281.03 

0.211.02 

0.221.04 

0.161.04 

0.191.02 

0.191.01 

0.201.03 

0.961.09 

1.041.10 

0.801.14 

0.981.14 

0.83+ *»? 
TTTTt.iS 



S 

0.32+.02 

0.301.04 

0.301.03’ 

ro 

hrs 

II 

N 

s 

0.29±.03 

0.34±.03 

0.241.04 

0.221.06 

Q.37±,03~ 

0.201.02 

0.181.03 

0.171.02 

0.191.02 

0.141.03 

0,201.03 

0.981.12 

1.041.10 

0.891.15 

1.061.17 

0.911.07 

1.171.06 

1 

day 

11 

N 

S 

0.36+.03 

0.34+.04 

0.251.03 
0. 331. 04 

0.261.02 

0.301.06 

0.191.03 

0.201.03 

0.171.02 
0. 171.04 

0.141.02 

0.191.03“ 

0.801.14 

1 .001.T2 

0.891.14 
1. 111. 11 

0.971.10 

1.16±TTT 

2 

days 

N 

S 

0.35±.03 

0.361.03 

0.24+.03 

0.281.04 

0.281.01 

0.32+.03 

0.191.03 

0.191.03 

0.191.03 

0.181.03 

0.161.02 

0.211.02 

1,021.12 

1.191.11 

0.711.17 

0.951.13 

0.951.11 

1.051.12 

4 

days 

ii 

N 

S 

0.311.03 

0.371.03 

0.321.05 
0. 331.03 

0.261.03 

0.321.03 

0.181.04 

0.211.03 

0.181.04 

0.201.04 

0.161,01 
0. 181.02 

0.961.11 

1.041.11 

0,921.07 

1.081.11 

0.971.14 

1.191.13 

a 

days 

II 

N 

S 


0.271.04 

0.291.04 

0.271.03 

0,331.03 


0.191.03 

0.211.05 

0.211.02 

0.181.03 

— 

0.801.07 
1. 101. 10 

0.741.20 

1.191.13 

16 

days 

II 

N 

S 



0.231.03 

0.331.02' 


— 

0.181.02 

0.181.03 

— 

— 

0.911.08 

1.091.10 


*N = 5,6-DHT; S = 5,6-DHT-S 

Each value 1c the mean S.E.H. of values obtained from 4 animals, except “ntrol values are obtained 
from 16 rats. Values that significantly differ from control (p <..05) are underlined. 


V • 


Time/ Dosage* 
^hrs . - ■ 


Effects of Intraventricular 
Cerebral Hemispheres 


20yg 

0.52i.04 


■ 40yg 
0.50±.07 


8Qyg 

0.56±.06 


1 

hr : 

N 

s 

0.561. 

04 

0.521. 

12 

0.621. 

06 

II 

0.571. 

04 ; 

0.421, 

13 ■ 

0.50- . 

09 

2 

■ nrs 

N : 

0.471. 

05 

0.57i. 

11 

0.52i. 

11 

1 

s 

0.551. 

06 ^ 

0.471. 

09 1 

0.481. 

12 

4 

hrs 

N, 

0.511 

10 

0.441 

.13 

0.431. 

09 



-I- 

0.581 

13 

. 0 .‘Aei 

.09 

0 .561 

W 

8 

hrs 

. N 

0.54J- 

.05 

0.421 

.11 

0.451 

.05 

I- ■ . 

S 

0.541 

.04 

0.431 

.07 

0 . 55i 

.10 

16 

hrs 

N 

0.441 

.06 

0.381 

.07 

0.45 + 

.05 

CO 

t-' ■ , 

S 

0.461 

.08 

0.48t 

.07 

0.63+ 

.08 

1 

day 

N 

0.451 

. 06 

0.41 1 

.13 

0 .38+ 

.04 


S 

0.531 

.08 

0.551 

.071 

0.501 

.07 

2 

days 

N 

0.551 

:.04 

0.461 

-.07 

0.44 + 

.07 


II 

S 

0.491 

-.04 

, 0.531 

-.09 

0.57i 

.08 

4 

days 

^ N: 

0.53. 

-.11 

0.36- 

.11 

0.391 

:.02 



s 

0.56. 

-.09 

0.48 

..12 

0.57: 

-.06 

8 

: days 
»» 

N 

S 

:: 


olo 
— ■ O 

1.04 

1.08 

0.34: 

0.61: 

...11 

t.ll 

16 

, days 

II 

: : N- 

s 


— 



0.46 

0.58 

>.04 

1.12 


= 5,6 

-DHT-, 

S = 5,6-DHT 

-s 





TABLE 4 

Dosage of Compounds 
Cerebellum 


on Regional Brain 5HIAA 


Brainstem 


0 

0 

0 

0 . 

D, 

0 

0 

0 

0 

0 , 

0 , 

0 

0 

0 

0 


20|jg 

.ZS-.O! 

.25± .04 
.241.03 

.211.02 

. 26± . 03 

,19i .06 
.261.07 

.251.03 

.251.02 

.211.02 

.201.06 

.231.02 

.221.05 

.191.03 

.231.02 


40ug 

0.211.02 


80yg 

0.251.02 


20ug 

0 . 76i . 04 


40yg 

0.651.10 


80 yg 

0.77- .02 


.191.04 

.251.03 


0.211.03 

0.181.03 

0.261.04 

0.24±.05 

0.821.14 
0. 871.15 

0.751.16 

0.881.13 

0.86: .12 
0.80-1.12 

0.221.03 

0.221.03 

0.201.06 

0.271.05 

0.861.14 

0,891.14 

0.791.12 

0.691.11 

0.97i 16 
1 .OOi.OS 

0.211.03 
0. 231. 05 

0.181.03 

0.281.0b 

0. 551. 12 
0.721.06 

0.511.07 
■0.58i .IT 

0.871.17 

C.9E1 

0.211.02 

0.241.04 

0-201.04 

0.271.03 

0.651.21 

0.861.15 

0.471.07 

0.681.13 

0.57: .08 
0.73-.'l 

0. 181.04 
0.231.02 

0.201.05 

0.231.03 

0.711.08 

0.681.07 

0.491.08 

0.671.09 

0.59= .06 
0.67-’..G9 

0.191.04 

0.19+.04 

0.201.04 

0.281.03 

0.721.07 

0.721.09 

0.561.12 

0.681.08 

0.621.07 

Q.85-.02 

0.211.05 
0.24 +.03 

0.181.03 

0.28±.06 

0.591.05 

0.72+.04 

0.651.12 

0.631.16 

0.551,10 
0.89: . 07 

0.241.03 

0.241.04 

0.23±.04 

0.231.03 

0.791.11 

0.821.12 

0.601.12 

0.701.13 

0.591.11 

0.791.15 

0.211.02 

0.241.03 

0.281.03 
0,21 ±.06 

— 

0.621.07 

0.731.08 

0.601.05 

0.8S1.09 

--- 

0.211.04 

0.251.03 

— 


0.521.13 

0.901.13 


Each value is the mean ± S.E.M. of values obtained from 4 animals, except that control values are obtained 
from ?6 rats. Values that significantly differ from control (p < .05) are underlined. 
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INTRODUC]™ 


, .h» Parlier literature on 3 -( 2 -araino ethyl) 

In 1954, two reviews of th ,-„t.nn1n1 were published 

. 1 „H its 5-hydroxyl ated analogue (serotonin) P 

indole (tryptamine) and , of nhysiological receptor systems 

„,o, „„ w »... .»« •< • — ” ; 

Mnct of the support for specini- 

for ...oratories who had published the previous 

serotonin receptors cam • i a to the conclusion that 

„41 A variety Of subsequent studies led to the cone 

year (3,4). variei,jr „ pyist in some 

soecificity for tryptamine did exist 

..oeptors With considerable . 

peripheral smooth mus ^ „ecific for serotonin (6). Recently, 

existence of peripheral receptoro ^ benzo[b]thiophene 

Finder, et ai (7) examined some effects o 

,osteres of serotonin on the rat stomach fundus pre rati..^^ 

tHs laboratory has reported on the J ,„t.et 

• u anH 1 -methyl i ndol e analogues V 

.. .1. 

fundus preparations as 


MATFRIALS AND METHODS 


Adult, male Sprague-Daviley rats (180-220 g) were obtained from llurphy 
Breeding Labs, Plainfield, Indiana, U.S.A. and maintained on a diet of Purina 
laboratory chow and tap water ad lib for 7-10 days prior to experimental use. 
The animals were sacrificed by decapitation. Aortic strips (1.5 to 2 ™ wide 
and 3 cm long) were prepared by the method of Furchgott and Bhadrakon (9) 
and suspended in a 60 ml organ bath. Stomach fundus strips (one strip 1.5 to 
2.0 mm wide and 1.5 cm long from each stomach) were prepared by the method of 
Offermeier and Ariens (10), and likewise suspended in a 60 ml organ bath. 

nriios and solutions . The Kreb's bicarbonate solution in which the tissues 
were suspended contained the following compounds in m moles per liter: 

Nad, 118.5; KCl , 4.8; CaCl^, 2.5; NaH/O^, 1.18; MgClj. 1.18; MaHCOj, 24.87; 

D-glucose, 11.1. In addition 10 mg of disodium ethylenediamine tetraacetic 
•acid (Na.EDTA) were added per liter to protect the added amines from oxidation 

The solution was stored at 4° C until use; during the experiment it was 
maintained at 37° C and bubbled with 955! Oj/B* COj. The pH of the solution at 

room temperature without bubbling was adjusted to 6.5 with concentrated HCl; 
after warming and bubbling for at least ten minutes the pH increased to 7.4. 

The following drugs were used: 1-norepinephrine hydrochloride (Regis 

Chemical Co.), 5-hydroxytryptamine creatinine sulfate (Regis Chemical Co.), 
tryptamine hydrochloride (Regis Chemical Co.), pargyline hydrochloride 
(Eutonyl'', Abbott Laboratories), and methysergide tartrate (Sanfert , Sandoz 
Laboratories). In addition, the following compounds, prepared by Dr. E. E. 
campaigne (Department of Chemistry, Indiana University, Bloomington, IN) 
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were used: 3-(2-aininoethy1 )benzo[b]thiophene (tryptamine-S) and 1-methyl- 

3-{2-aminoethyl indole (tryptamine-l-Me). All drugs with the exception of 
methysergide were made up in distilled water and the pH adjusted to 6 with 
solid NaHCOg. L-ascorbic acid (Fisher Scientific Co.), 0.2 mg/ml, was 

added to the serotonin solution to prevent oxidation. Methysergide was 
dissolved in IN HCl ; the pH was adjusted to 5 with 0.5N NaOH. All drugs were 
kept frozen until just prior to use; concentrations are expressed as weight 
of free base. 

Procedure. A strip of either tissue, attached using silk suture thread to 
an isotonic lever under 2.5 g tension, v/as connected through an isotonic 
myograph transducer to a recording physiograph (Narco Biosystems, Inc., 
Houston, TX). Eight- to ten-fold magnification was used for the aortic 
strips, four-fold for the stomach ftindus strips. Aortic tissue was allowed 
to rest for 2 hours prior to study with bath fluid changes at 15-minute 
intervals. Pargyline at lO’^M was added to the bath during the first hour 
at rest. Stomach fundus strips were allowed to rest for 50 minutes; pargyline 
at lO'^M was added to the bath four times during this period. 

In all experiments the height of maximal contraction was first determined 
by the cumulative addition of increasing concentrations of the agonist. The 
preparations were then washed at 15-minute intervals until each had returned 
to its previous baseline. Cumulative dose-response curves for the agonist 
(3 or 4 responses, 20 to 80% maximal) were obtained until two successive 
curves were similar with respect to both the height of the response for each 
addition and the height of the total response. When the tissue had thus 
stabilized, cumulative dose-response curves for the agonist were determined 
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alternately with those for the reference standard, serotonin. 

The tissues were preincubated with antagonist for 15 minutes. eac 
aomc strip, three concentrations of antagonist were 

The agonist alonei only one -concentration of antagonist was tested on 
stomach fundus strip* 

calculations. All responses were recorded as percentage of the .axl.al 

cog dose-response curves were calculated as the percent 

response ™ the log dose by the .ethod of least sguares. The egree 

< rale* ^ated using the dose-ratio of Gaddum, et a (11 ), 
antagonism was calc-, acea u y ^ _ 

co.par1ng the log dose-response curve In the presence of antagonist. ^ 

.mediately preceding curve in the absence of antagonist. The pA, P go 

„ere determined by the method of Arunlakshana and Schlld (12). Student’s 
independent t test was used for tryptamlne-S and norepln.hrlnei S tuden s 
dependent t test was used to compare the Intrinsic activities o th tes 
compounds to that of serotonin. The 55* confidence limits for t e p pA, 
and PA,„ values were calculated as described In Documenta Geigy (197 ). 

,11 calculations were performed using a Compucorp Model «5 Computer. 

RESULTS, 

Ik, .. ling c..t,..t,l. "!»""••• ■'» • 

+ • of aqonist: The intrinsic activities of norepine 

increasing concentrations of agonist, n ^ 

a r„ntam1nc-l -Me were tbe same as that of serotonin 

phrlne. tryptamlne. and tryptaminc 1 Me i _ _ 

(p > .40)-. thus n = 1 for these three test compounds. The pD^ ya ^ ^ 

H, are presented in Table 1. The Intrinsic activity of 
these three compounds are pres.nt ^ ..licit 

* • g s,as 0 79 * .03 (mean ± S.E.M.). Tryptaraine-S did not 

t.rvDtamine-S v/as u./y - 


-inrrpasinq concentration; for this 

increasing contractile responses «Uh incr _ 

, 1 a nn for trvptamine-S in tnis 

— : 

tissue, me luy ^ i . thp clones of these curves 

mine, and tryptamine-l-Me are shown in igure . ^ oounds are all 

• in Table 1 The curves for the indolealkyl amine compounds are 

are given in • 

parallel; the curve for norepinephrine IS pa. al 

not to those of the other two indolealkylatnines. 

not to those „f.'lO-8MtolxlO'Shadnosignifi- 

Methysergide at concentrations of 5 X 10 

t effect on the responses elicited by norepinephrine. Hethysergide ^ 

■ nf the effects of serotonin, tyrptainine, 

exhibited a dose-dependent antagonism f u -Hp 

. a nA values calculated for methysergide 

and tryptamine-l-Me. The pA^ and pA,o values ca 

•Ptp are presented in Table 2; the pA plots of 

against these three agonists a P „f these 

A Crhild (12) are shown in Figure 2; the s op 

Arunlakshana and schild ( ) ■...parallel by statistical test, ' 

plots are given in Table 2. Ihese slopes are paralle y ^ 

and all are significantly different from the theoretical value 

h Fundus Strips, serotonin, tryptamine, tryptamine-l-Me, and 

■ contractile responses with the cumulative 

tryptamine-S elicited ^ ^ 

addition of increasing agonist concentrations. ' of 

aua 1 1 . ^ _ r 4 rffprpnt from thst OT 

hv the three test compounds were not significan y 

by the three ^ ^ ^ ^ ^ ,, 

serotonin; thus the in rin ^ slopes of their 

„„ V., ...... ... ... 

— 

the four compounds are shown in Figure 3. 
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Methysergi'de exhibited a dose-dependent antagonism of the effects of 
all four compounds tested. The pA^ and pA^g values calculated for methysergide 
against the four agonists are given in Table 4. The pA plots av«e shown in 
Figure 4; the slopes of the plots for the four compounds are given in Table 
4.- The slope of the serotonin curve is not statistically significantly 
different from the theoretical value of (-1). The slopes of the curves for 

the other three compounds are parallel, and all are statistically significantly 
different from (-1). 

DISCUSSION 

The data in Table 1 show that norepinephrine had a much higher affinity 
for receptors on the aorta than does serotonin; in fact, the order of affinity 
for the Indole compounds was: tryptamine-1 -Me > tryptamine > serotonin. These 

three compounds apparently act by a similar mechanism, as the slopes of their 
• log dose-response curves were parallel. Norepinephrinemight.be interpreted 
as acting via the same mechanism as serotonin, as these two curves had 
parallel slopes. However, the use of specific antagonists has shown that 
they act on different receptors (13), illustrating the necessity for the 
use of antagonists in addition to the study of the effects of the agonist 
alone. The intrinsic activities of the two indole test compounds did not 
differ from that of serotonin, suggesting that the 5-hydroxyl group and the 
methyl group on the indole nitrogen have no effect on the ability of the 
compound to elicit a response once it reaches the receptor. These changes 
do, however, alter the affinity of the drug for the receptor relative to 
that of the parent compound. 

It is difficult to interpret the action of tryptamine-S on the aortic 


strip, since the average threshold response v/as 65.9% and the average maximal 
response was 79.3%. This response range (13.4%) is too narrow to yield 
useful dose-response data. A decay in the response to tryptamine-S was 
usually seen; that is, after the contraction elicited by a particular 
concentration had stabilized, it decreased again toward the resting value. 

This type of effect is usually attributed to metabolic breakdown of the 
aaonist; it could not have been due to breakdown by monoamine oxidase as 
serotonin did not produce this effect on the aortic strips. It is possible 
that tryptamine-S is broken down by a pathv^ay for which serotinin is not a 
substrate. Another possible explanation for the decay seen with tryptamine-S 
would be a breakdov/n of the free amine by the oxygen dissolved in the buffer; 
this breakdown has been shown to take place in the presence of air (14). 

However, this decay was not seen using fundus strips with identical oxygen 
flow through the same buffer. The explanation that fits the results best 
is that tryptamine-S exhibits properties called "noncompetitive autoinhibition" 
by Ariens, (15). In this concept, a single compound might interact 

with the contractile receptor R and with an inhibitor "receptor R . This 
latter "receptor" is the site of action of noncompetitive antagonists, that 
is, the point at which these agonists disrupt the chain of events linking 
stimulus and response. A compound exhibiting this dualism would have a separate 
intrinsic activity and affinity for each of the two receptors. Depending 
upon the equilibrium constants for occupation of the two types of receptors, 
one or the other of the two effects, contraction or inhibition, may precede 
the other in time. These results have been observed on frog rectus abdominis 
muscle by Ariens, et^ ( 16). In the present case, the results in#cate that 
the anonistic effect of tryptamine-S precedes the antagonistic effect. The 
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affinity of such a drug for the contractile receptor may be calculated, although 
with difficulty, by the use of a competitive antagonist; this has not been 
attempted in the present case due to the narrow response range for tryptamine-S. 

On stomach fundus strips tryptamine-S elicited increasing contractile 
responses characteristic of a simple agonist, that is, one which does not 
exhibit the dualism described above. This is seen in the case where a', the 
intrinsic activity of the compound on R', is equal to zero (15). However, 
on the aorta tryptamine-S has a' > 0. Thus, either R' in stomach fundus is 
different from that in the aorta (more specifically, the mechanism for 
translation of stimulus into response is not the same in stomach fundus as in 
aorta), or tryptamine-S cannot gain access to R' in stomach fundus. 

The intrinsic activities of the three test compounds, tryptamine, trypta- 
mine-l-Me, and tryptamine-S on stomach fundus strips v/as the same as that of 
serotonin. It would appear that tryptamine does not act by the same mechanism 
as the other three compounds based on the fact that the slope of its log dose- 
response curve is not parallel to that of any of the others. The order of 
affinity of the four compounds, as seen in Table 3 was serotonin » tryptamine- 
1-Me > tryptamine > tryptamine-S. Serotonin has the greatest affinity for 
receptors in the stomach fundus, while in the aorta it had the least. The 
differences in the two results may be due at least in part to the lipid solu- 
bilities of the various compounds versus the lipid content of the two tissues. 
Lipid partition determinations for the four compounds indicate the order of 
soTubiTity in organic solvents to be tryptamine-S > tryptamine-T-Me > trypta- 
mine » serotonin (17). In the isolated aorta, exogenous compounds must 
diffuse through either of two layers of tissue which sandwich the smooth 
muscle fibers. The stomach fundus strip prepared by the method of Off ermeier 


and Ariens (10) has the mucous membrane portion removed, which might facili 
the diffusion of less lipid soluble compounds. Thus, more lipid soluble 
compounds might have an advantage in gaining access to the receptor on aortic 
smooth muscle, in contrast to the case of stomach fundus with the gastric 
mucosa removed. This would cause an apparently high affinity of the test 
compounds for aorta as compared to serotonin, whereas the results using stomac 
fundus may more accurately represent the "true’' affinities of the four compounds 

for serotonin rece|3tors. ^ 

From Tables 2 and 4 it is apparent that methysergide fulfills the criteria 

for competitive antagonism only against serotonin on stomach fundus, where 

the pA 3 - pA,o difference is .92 and the slope is not significantly different 

from the theoretical value of (-1). When tested on the aortic strip, me y 

sergide did not act competitively against any of the three agonists. The slope 

. sianificantly less than 1 and the pA 2 - pA^q 

of the curves give an n that is signiricdi 

aifferences are higher than .99 (Table 6). Marshall (18) has suggested that 

such a result may be due to the fact that the antagonist has some affinity 

for receptors for other compounds as well as those under study, so that at 

^ 4 -Ko antaaonist is "wasted" by being adsorbed 

hiaher concentrations some of the antagonist 

onto these other receptors. Gorlitz and Frey (13) have shown that methysergi e 
,us affinity for adrenergic receptors-, it does bloch the effect of norepine- 

pHrine, although at higher concentrations than those reguired for serotonin 
.blockade. The slopes of the three pA plots are parallel, therefore «iere is 
no statistically significant difference in the values of n for the 

compounds. Although methysergide is not acting competitively against t.^ 

three compounds, it must interact in the same way with each of the agonis s. 
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as the values of n are the same for each. 

The results using methysergide against tryptamine, tryptamine-l-Me, and 
tryptamine-S on stomach fundus are the opposite of those in aorta. The pA^ - 

pAio differences are less than .95, and the slopes give an n greater than 1 
(Table 4). Marshall (18) suggested that pA^ - pA^^ differences less than 

.95 indicate that the antagonist has a general spasmolytic action on contraction 
rather than a specific action at the receptor. If this were the case, the 
methysergide should have also antagonized the effects of serotonin noncompet- 
itively. Gaddum (19) and Arunlakshana and Schild (12) suggested that a value 
of n greater than 1 indicates that more than one molecule of antagonist is 
required in order to block each receptor. For example, the pA plot of 
tryptamine has a slope of (-1 .77) (Table 4) . The value of n is equal to 
(-slope), or 1.77. Then perhaps 1.77 molecules of methysergide must be 
present simultaneously in order to block one receptor. 

Since the slopes of the curves for tryptamine, tryptamine-l-Me, and 
tryptamine-S are parallel , then the value of n for methysergide against all 
three compounds must be the same (The slopes of the three curves are -1.77, 

-2.22, and -2.19, respectively; the value of n probably falls near the mean 
of the three slopes, at approximately 2.00). The pA^ and pA^g values for these 
three compounds are also quite similar (Table 4), so it is probable that the 
three test drugs interact with methysergide in the same (noncompetitive) 

fashion. Since methysergide interacted with serotonin competitively, the 

three test drugs, tryptamine, tryptamine-l-Me, and tryptamine-S do not exert 
their effects by the same mechanism as serotinin on rat stomach fundus. It 
is possible that, in addition to a direct effect on serotonin receptors. 


tryptamine also has an indirect effect in eliciting a contraction. Indirect 
effects of serotonin have been observed in various portions of the gastro- 
intestinal tract in several species (20-22). Perhaps the lipid solubility 
differences discussed above enable tryptamine and its isosteres to reach a 
site of indirect action more easily than serotonin, thus requiring more 
methysergide per receptor in order to antagonize their effects. 

It is not strictly possible to compare the receptors in the two different 
tissues by use of PA 2 and pA-jQ values if the antagonist does not act competi- 
tively against the compounds that activate those receptors. However, based 
on the values for n which a particular antagonist exhibits against a group of 
compounds in two different tissues, it should be possible to compare the 
members of the group against the standard. Serotonin, tryptamine, and 
tryptamine-l-Me interact with methysergide in the same fashion on the receptors 
of the aorta. On the stomach fundus, however, tryptamine and tryptamine-1 -Me 
apparently do not act on serotonin receptors. Since the test drugs are the 
same and the antagonist is the same, on the basis of the experimental evidence 
presented herein it would seem that serotonin receptors in the aorta are not 
the same as those in the stomach tundus. It would appear that the receptors 
in the stomach are more specific for the serotonin structure than those in the 
aorta, as the loss of 5-hydroxyl group and addition of a methyl group to, or 
substitution of sulfur for the indole nitrogen leads to a change in the 
mechanism by which the compound elicits a response in the stomach. Thus, the 
differences in the relative affinities of the test agonists versus_ serotonin 
On the two tissues are not due to differences in lipid solubility alone, but 
rather reflect a true difference in the interaction of the drugs with the 
receptors in the two tissues. 


Another difference in the contractile mechanism in the two tissues is 
shown by the interaction of tryptamine-S with methysergide on stomach fundus. 

We have seen that tryptamine-S exhibits autoinhibition with intrinsic activity 
a' > 0 for the inhibitory receptor in aorta; on stomach fundus, however, no 
autoinhibition was observed, indicating that either a' equals zero, then 
tryptamine-S should act as a competitive antagonist of methysergide (19). 

This would result in a shift of the pA plot for tryptamine-S to the right, 
toward higher concentrations of methysergide, in order to obtain the desired 
dose-ratio. Tryptamine and tryptamine-S showed the same intrinsic activity 
and approximately the same affinity for the receptors. If methysergide inter- 
acts with both of these agonists in the same fashion, as it does, the pA 
curve for tryptamine-S should be shifted to the right of that for tryptamine 

if tryptamine-S is a competitive antagonist of methysergide. Figure 4 

demonstrates that this is not the case. Therefore, no autoinhibition of 
tryptamine-S is seen in stomach fundus because the inhibitory receptors are 
not the same as those in aorta, indicating that the events linking stimulus 

and response are not the same in the two tissues. 

In order to uphold these conclusions further experimental evidence is 
required. Most importantly, it would be desirable to obtain a compound which 
acts competitively toward serotonin in both aorta and stomach. This would 
provide more conclusive evidence regarding the identity of the receptors in 
the two tissues. Since methysergide did not act competitively, one cannot 
state conclusively whether the isosteres act on serotonin receptors in aorta. 

If Indeed the two tissues have different serotonin receptors, it may be difficult 
to find an antagonist which is campetitive against each. This difficulty is 
compounded by the fact that the competitive antagonists of serotonin are often 
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1 The results of analog-analog interactions could be 

other indole analogs. candidates for 

4. I <;n and BOL are probably not the o 
difficult to interpre . , i *.pA to methysergide in 

,..ther receptor studies. they 

structure that they may only give th , • ran 

r rta the analogs should also be tested against phentolamme (an 

” -/antaaonlst) and possibly cyproheptadine (an antagonist of sero- 

a-adrenergi.. , elucidate their nechanism more 

tonin and histamine receptors) m 

, u would also be desirable to test antagonists of a different class 

. t the isosteres on Stomach fundus in order to determine 
of compounds against the isos 

their mechanism; such antagoni ^ ^ ,sosteres are acting 

hlocters in order to examine the possibility that th 

indirectly. 



SUMMARY 


Tryptamine and Its benzo[b]th1ophene and 1 -methyl Indole analogues had 
a lower affinity for receptors In rat stomach fundus strips than did serotonin; 
the interaction between serotonin and methysergide in this system was competitl 
while the Interactions between tryptamine and Its analogues and methysergide 
were noncompetitive. In contrast, the affinity of tryptamine ancf 1 -methyl - 
tryptamine for receptors 1n rat aorta strips was greater than the affinity for 
serotonin; all three compounds showed noncompetitive Interactions with methy- 
sergide. The results support the hypothesis of differing serotonin receptors 

In the two tissues. 
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TABLE 1 

pDg VALUES OF NOREPIMEPHRINE AND IH DOLEALKYI AMThfc: 
ON ISOLATED RAT AORTA STR I p 


Compound 

P02 ± C.L.* 

n 

Slope of Log Dose- 
Response Curve 

Norepinephrine 

8.10 ± ,15 

61 

41.51 

Serotonin 

6.57 ± .08 

166 

34.38 

Tryptamine 

6.98 ± .21 

59 

27.69 

Tryptamine-l-Me 

7.13 ± .04 

58 

29.17 

*P^2 values ±95% 
Methods; ^ is the 
of each compound. 

confidence limits are calculated 
total number of responses to all 

fes described in 
concentrations 


TABLE 2 


antagonism of effects of INDOLEALKYLAMINES 
ON RAT anRTA STRIP BY METHYSERGIDE 


Slope of 


Compound 

pAj ± 

C.L.* 

P^IO ± C.L.* 

9^2 - P^io 

pA plot 

Serotonin 

10.36 

± .2 

8.57 ± .07 

1.79 

-.64 

Tryptamine 

9.44 

± .2 

6.96 ± . -2 

2.48 

-.45 . 

Tryptamine- 

T-Me 

10.09 

± .3 

6.62 ± .2 

3.47 

- , 38 


*pA 2 and pA,o values ±95* confidence lim-ts are calculated as described 
in Methods. 


TABLE 3 



pD2 VALUES OF 

SEROTININ AND 

TEST AGONISTS 


ISOLATED 

RAT STOMACH FUNDUS STRIP 

Compound 

pD2 ± C.L.* 


Slope of Log Dose 
Response Curve 

Serotonin 

9.34 + .16 

72 

42.49 

Tryptamine 

7.60 ± .06 

35 

82.09 

Tryptamine- 
1 -Me 

7.91 ± .08 

71 

47.77 

Tryptamine-5 

7.51 ± .08 

66 

4%. 35 

• . * • 1. _ j A/i 


*pD2 values ± 95% confidence limits are calculated as described in Methods 
n i^the total number of responses to all concentrations of each compound. 


TABLE 4 


ANTAGONISM OF EFFECTS OF SEROTONIN AND TEST AGONISTS 
ON RAT STOMACH FUNDUS STRIP BY METHYSERGIDE 


Compound 

pA£ ± C.L.* 

pA^O * C.L.* 

pAg - pA^Q 

Slope of 
pA pic 

Serotonin 

8.80 ± .23 

7.88 ± .30 

.92 

-1 .26 

Tryptamine 

8,77 ± .09 

8.22 ± .09 

.55 

-1.77 

Tryptamine- 

T-Me 

8.67 ± .06 

8.24 ± .07 

.43 

-2.23 

Tryptamine-S 

8.85 ± .12 

8.39 + .09 

.46 

-2.19 

*pA 2 and pAiQ 

values ±95% confidence limits are 

calculated as 

described 


in Methods. 


LEGENDS 


FIGURE 1 . Effects of Agonists on Isolated Rat Aortic Strips . 

Graphical presentation of data used to obtain the values 
presented in Table 1. The effects of norepinephrine 
(NE, □ ), serotonin (5HT, — . tryptamine 

(T, - -), and l-methyltryptamine.{lMT, - •. -O* - *. / 

are plotted as log agonist concentration (abscissa; against 
percent contraction (ordinate). Straight lines were 
determined by regression analysis using the method of least 
squares. 


FIGURE 2 . Effects of Methysergide on Agonist Action on Rat Aortic Strips . 

* Graphical presentation of the data used to obtain the 

values presented in Table 2, plotted according to the 
method of Arunlakshana and Schild (1959). The negative 
log of the molar concentrations of methysergide (abscissa) 
are plotted against log X-1 , where X is the dose ratio 
for serotonin (5HT, — -) , tryptamine (T, - -||- -) 

and 1 -methyl tryptamine (IMT, - • -o‘ “ *)* Straight lines 
were determined by regression analysis using the method 
of least squares. 


FIGURE 3 . Effects of Agonists on Isolated Rat Stomach Fundus Strips . 

Graphical presentation of data used to obtain the values 
presented in Table 3. The effects of serotonin (5HT, 

^ ), tryptamine (T, - -*- -), 1 -methyl tryptamine 

(IMT, - • ~o * - • ) , and 3-(2-aminoethyl )benzo[b]thiophene 

(ST, - - -□ ) are plotted as log agonist concentration 

(abscissa) against percent contraction (ordinate). Straight 
lines were determined by regression analysis using the method 
of least squares. 




FIGURE 4. Effec ts of Methysergide on Agonist Action on Rat Stomach 
~~ Fundus Strips . 

Graphical presentation-of the data used to obtain the values 
presented in Table 4, plotted according to the method of 
Arunlakshana and Schild (1959). The negative log of the 
molar concentrations of methysergide (abscissa) are plotted 
against log X-1, where X is the dose ratio for serotonin 
( 5 Ht, -—#_), tryptamine (T, - -),1 -methyl tryptamine 

(IMT, - • -O * - * )» and 3-(2-aminoethyl )benzo[b]thiophene 
(ST, - - - Straight lines were determined by 

regression analysis using the method of least squares. 
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DRUG INTERACTIONS ON BODY TEMPERATURE MAINTENANCE 

IN THE MOUSE* 

i 

Carlos M. Quirce^, Richard M. Levine and Roger P. Maickel 

Section of Pharmacology 
Medical Sciences Program 
Indiana University School of Medicine 
Bloomington, Indiana 47401 

ABSTRACT 

Exposure of mice to an environmental temperature leads to a loss of body 
temperature and death in 5 - 6 hours. Intraperitoneal injection of water or 
d-amphetamine exacerbates this effect, while caffeine has a modest antag- 
onistic effect. The combination of caffeine and d-amphetamine is synergistic 
and leads to a rapid loss in body temperature with death occurring in less 
than 3 hours. 

INTRODUCTION 

VIhen the mammalian organism is placed under environmental conditions 
other than those considered usual or normal, the effects of drugs may be 
considerably altered. Thus, a variety of stresses have been shown to signifi 
cantly influence drug action (Rupe, 1963; Barry and Buckley, 1966). 

One specific area in which drugs and abnormal environmental conditions are 
known to interact is that of body temperature maintenance. The homeothermic 
mammal maintains its core temperature within a relatively narrow range 
despite wide variations in environmental temperature; the ooviously com<plex 


*Supported in part by NASA grant NGL 15-003-117. 

^Present address; University of Costa Rica, San Jose, Costa Rica. 


homeostatic mechanisms involved in this process present a wide range of 
targets for drug effects (Whittow, 1971; Weihe, 1973). Of particular interest 
is a previous study from this laboratory examining the ability .of a variety 
of drugs to interfere with thermoregulation in the cold-exposed rat by actions 
presumed to involve central and peripheral monoaminergic pathways (Maickel, 
1970). 

A report by Muller and Vernikos-Danellis (1970) indicated that a decreased 
environmental temperature reduced the toxicity of d-amphetamine in mice but 
increased the toxicity of caffeine. Since this laboratory had a continuing 
interest in drug interactions with amphetamine in terms of behavioral (Cox 
and Maickel, 1976) and toxicological phenomena (Sokol and Maickel, 1972), 
a study of interactions of d-amphetamine and caffeine in cold-exposed animals 
was undertaken. The results, as presented herein, indicate that an inter- 
action between the two drugs does indeed occur, but a confounding variable, 
the stress of an intraperitoneal injection, must be taken into account. 

MATERIALS AND METHODS 

Adult, male C57-B16’mice (22 > 25g) were obtained from Murphy Breeding 
Laboratories, Plainfield, IN and maintained on an M ilk diet of Purina 
laboratory chow and tap water for 7 - 10 days prior to experimental use. The 
animals were cold-exposed in individual screen-wire cages (10 x 10 x 15 cm) 
in a walk-in room at 4® C. All drugs were administered by i.p. injections 
in a volume of 0.1 ml/10 g body weight as solutions in distilled water; control 
animals were given distilled water. Rectal temperatures were measured using 
a YSI Telethermomete^with a small animal probe. Rate of heat loss (-dQ/ 
dt) was calculated as described by Maickel , M and slope comparisons 

for body temperature decay curves were made as described by Cox (1970). 
Statistical comparisons for -dQ/dt values were performed as in Maickel (1970). 
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RESULTS 


Preliminary studies indicated that single i.p. doses of 50 mg/kg of 
caffeine and 10 mg/kg of d-amphetamine caused a 3 - 4 fold Increase in the 
rate of body temperature decline in 2 hours of exposure of mice at 4' C, so 
these dosage levels were selected for the test. The data presented in Table 
1 Show the effects of single doses of the drugs. The results clearly demon- 
strate that a single i.p. injection of distilled water evokes a significantly 
greater rate of heat loss as compared to control (uninjected, but handleu) 
animals. In fact, statistical comparisons of the -dQ/dt values and the 

slopes for the water and caffeine-treated groups Indicate that both of these 

differ significantly from controls but not from each other. In contrast, 
dosage with d-amphetamine caused a significantly steeper temperature decay 
curve and significantly greater rate of heat loss than any other group. Of 
interest is the fact that caffeine seemed to afford some degree of protection 
in that 10 of 12 animals survived for 4 hours as compared to 0/12 for water- 
injected mice. The enhanced toxicity evoked by d-amphetamine is confirmed 

by the death of 2/12 mi c^ by the 3 hour time point. 

Because of the possible confounding variable of water injection, the 
drug interaction studied were run as a separate experiment; these data are 
presented in Table 2. The effects of two water injections were virtually 
Identical to those of a single Injection of d-amphetamine (Table 1) as well 
as to the combination of water plus amphetamine injections in terms of the 
rate of heat loss, as well as in the fact that 1/12 animals died by 3 hours 
and all 12 were dead by the 4 hour point. In contrast, the combination of 
water and caffeine injections showed a significant protective effect; 7/12 
mice were still surviving at the 4 hour time point, and the rate of heat loss 
and decay slope for body temperature were significantly reduced. The combi- 
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TABLE 1 


Effects of Single Drug -Dosage on Body Temperature Maintenance 

by Cold-Exposed Mice 

Mice were given a single i.p. injection as described in Materials and Methods at 25 minutes prior to the 
start of cold exposure. Each value is the mean ± SEM of values obtained; the number in parenthesis indicates 
the N at each time point. Values for -dQ/dt and for the slope of the body temperature decay curves are for 
the period 0 - 2 hours. 


Body Temperature @ Hours of Exposure 


Treatment 

olo 

o 

1 

C® 

2 

C® 

3 

c® 

4 

C® 

-dQ/dt 
cal /hr 

Slope 

Control 

37.8±0.2(12) 

36.1±0.2(12) 

34.4±0.3(12) 

29.4±0.3(12) 

18.9±0.3(12) 

35.5+2.7 - 

-.588 

Water 

37.8+0.3(12) 

33.9±0.4(12) 

27.2±0.2(12) 

16.7±0.4(12) 


no.8±9.3 

-.184 

Caffeine 

37.0±0.2(12) 

32.7±0.3(12) 

26.8±0.3(12) 

17.4±0.4(T2) 

12.6±0.5(10) 

115.016,1 

-.194 

d-Amphetami ne 

37.8±0.3(12) 

31.1+0. 4(12) 

21.7+0.3(12) 

13.9±0.3(10) 

# 

168.2+14.0 

-.123 


^All animals dead; body temperatures <11® C. 


TABLE 2 


Effects of Drug Interactions on Body Temperature Maintenance 

of Cold-Exposed Mice 

Mice were given i.p. injections as described in Materials and Methods, one at 27 minutes and the other 
at 23 minutes prior to the start of cold exposure. Sequencing was randomized so that half of each group 
received the reverse order. Each value is the mean ± SEM of values obtained; the number in parenthesis 
indicates the N at each time point. Values for -dQ/dt and for the slope of the body temperature decay curves 
are for the period 0-2 hours. 


Body Temperature @ Hours of Exposure 


Treatments 

0 

c® 

1 

c® 

2 

c® 

3 

c® 

4 

r® 

-dQ/dt 
cal /hr 

Slope 

Water & 
Water 

38.3±0.3(12) 

32.8±0.4(12) 

23.0±0.5(12) 

14.4±0.5(1T) 

# 

150.5±8.3 

-.136 

Water & 
Caffeine 

37.0±0.4{12) 

33.0+0.3(12) 

27.5±0.7(12) 

I7.6±0.4(12) 

12.5+0.9(7) 

99.3±5.2 

-.209 

Water & 
d-Amphetamine 

37.1±0.3(12) 

29.4±0.5(12) 

I9.2±0.4(12) 

12.5±0.6{8) 

# 

187.1 ±9. 6 

-.111 

Caffeine & 
d-Amphetamine 

37.8±0.2(12) 

27.8±0.3(12) 

16.1±0.3(ll) 



226.8±n.3 

-.092 


§ 

All animals dead; body temperatures < 11® C. 



nation of amphetamine plus caffeine had an enhanced toxicity, with the most 
rapid rate of heat loss of any tested group. In fact, the 1/12 mice died in 
2 hours and all 12 were dead at the 3 hour time point. 

DISCUSSION 

The use of an excessive environmental temperature differential as a 
system to examine drug effects on the ability of a homeothermic animal to 
maintain body temperature within normal limits has been a common technique 
(Chen, et 1943; Maickel, 1970; Weihe, 1973). In homeothermic mammals, 
the processes involved in body temperature maintenance in the face of a low 
environmental temperature include both heat conservation and increased heat 
production (Jamira, ^ 1965; Maickel , et 1967). This entire area 

of temperature regulatory processes has been the subject of several extensive 
reviews (Hardy, 1970; Cabanac, 1971). 

The studies presented in the present report are of significant value 
in regard to two diverse findings. First of all, a significant potential 
artifact in thermoregulatory studies may exist with mice in that the animals 

S 

lose body heat at a significantly faster rate merely due to an intraperitoneal 
injection of a small volume (0.1 ml /1 00 g body weight) of distilled water. 

This effect appears to be due to the injection process, since merely punctur- 
ing the abdomen or injection of a similar volume of physiological saline 
had a similar action. The effect does not occur in rats (Maickel, 1970) and 
may thus reflect a greater responsivity to stress in the mouse; the additional 

stress having a deleterious effect on thermoregulatory process. 

Administration of caffeine has a modest antagonistic effect towards the 
injection stress per se , while administration of a single dose of d-amphetamine 
appears to exacerbate the stress effect on tempei'ature maintenance. However, 
the combination of caffeine and d-amphetamine had a marked synergistic action 


resulting in a rapid temperature fall and the deaths of one hundred percent 
of the animals in slightly more than 2 hours of exposure to a 4'’ C environ- 
mental temperature. This drug interaction must be considered in the light 
of previous studies from this laboratory showing that, in the rat, caffeine 
had no effects on the anorectic action of d-amphetamine although it did 
antagonize the stimulatory effect of the latter drug on continuous avoidance 
responding. It appears that the interactions of d-amphetamine (a stimulant 
of catecholaminergic function) and caffeine (a blocker of the phosphodies- 
terase system that destroys cyclic AMP) may be uniquely specific to the test 
system being measured. 
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INTRODUCTION 


The methyl group attached to the e-carbon of amphetamine confers on 
the molecule the property of stereoisomerism, giving rise to two enantiomers, 
both of which have significant pharmacological activity (1). For a num er 
Of years, the generally held belief was that d-amphetamlne was 3 to 5 t,mes 
more potent than the 1 -Isomer as a stimulant of the central nervous system. 
While l-amphetam1ne was slightly more potent than the d-lsomer as a per,phera 
pressor agent (7). However, studies reported In the past fifteen years 
give support to the hypothesis that the two Isomers may have actions on 
various behavioral test systems that differ In both gualltative and guanti- 
tatlve aspects. Moore (15) has shown that the d-lsomer Is more toxic than 
the l-1somer In both Isolated and aggregated mice; this toxicity difference 
paralled the potency of the Isomers in reducing brain norepinephrine, (HE) . 
several laboratories In studying the actions Of amphetamine Isomers on 
Tocoamtor activity hav^ concluded that the d-lsomer Is merely more potent 
than the l-1somer ( 17 . 21 . 23-25). It should be noted that some of these 
studies are confounded by the fact that animals were pretreated with a 
monoamine oxidase Inhibitor (MAOI). Studies of the effects of the Isomers 

on stereotyped behavior suggested that the effects of d-amphetamlne could 

be correlated with actions on HE systems while those of 1 -amphetamine 
correlated better with actions on dopamine (DA) systems (5, 23, 24). 

Sparber and coworkers (18, 27.) have reported differential actions of the 

amphetamine isomers in operant behavioral systems such as fixed-interval 
and fixed-ratio responding. 
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In addition to these behavioral studies, a number of reports have 
demonstrated differential actions of the amphetamine isomers on brain 
catecholamine uptake, release, and metabolism; these actions show both 
qualitative and quantitative differences in the isomers (4, 19, 26). 
Finally, several studies have suggested that a catecholamine-serotonin 
interaction may exist in the control of locomotor activity in the rat 
(11, 16), although this hypothesis has recently been challenged by Jacobs, 
al^ (8) . 

In terms of the effects of amphetamine isomers on spontaneous motor 
activity in mice, Bainbridge (2) found that d,l -amphetamine had a dose- 
dependent effect on SMA; doses < 5 mg/kg were depressant, while doses 
> 10 mg/kg were stimulatory. 

A previous publication from this laboratory (12) demonstrated that 
at low (0.5 mg/kg), and high (8.0 mg/kg) doses, both isomers were stimulants 
of SMA in mice, while^-at intermediate doses (1. 0-4.0 mg/kg), the d-isomer 
was stimulatory while the 1-isomer caused a significant depression. 

The present paper examines the actions of d- and T-amphetamines on 
SMA in mice pretreated with agents known to cause alterations in brain 
biogenic amines: o-me thy 1 tyrosine (aMT), p-chlorophenylal. 4 Mne (PCPA), 

pargyline, and reserpine. 

MATERIALS AND METHODS 

Adult, male, Swiss-Webster mice, weighing 25-30 grams were obtained 
from Murphy Breeding Laboratories, Plainfield, Indiana. The animals were 
maintained on ad lib diet of Wayne Lab Blox and tap water for 7-10 days 
prior to experimental use in an animal room with controlled temperature 

'285 


and a 14:10 light-dark cycle. -All testing was done between 1000 and 1600 
hours, midway in the light cycle. Drugs were administered by i.p. injection 
as aqueous solutions (d-amphetamine, 1 -amphetamine, pargyline, reserpine) 
or peanut oil suspensions (aMT, PCPA) in a volume of 0.1 ml/lOg body weight. 
All dosages were given and are reported as baiSe weight. 

aMT and PCPA were purchased from Regis Chemical Company and Pierce 
Chemical Company, respectively. d-Amphetamine sulfate was kindly supplied 
by Smith-Kline and French; 1 -amphetamine phosphate was kindly supplied by 
Pennwalt Corporation; pargyline hydrochloride was kindly supplied by Abbott 
Laboratories; and lyophyli zed reserpine phosphate was kindly supplied by 
CIBA-Geigy Corporation. 

SMA activity was measured, using groups of 3 mice, in Woodward acto- 
photometers; the procedure was basically that described in a previous 
paper from this laboratory (12). The system as utilized has been considered 
as a standardized measurement of psychogenic spontaneous locomotion (9). 

k'- 

It is especially reliable for stimulant drugs such as d-amphetamine, yielding 
inverted "U" dose-response curves similar to those obtained with continuous 
avoidance responding. Brain levels of 5HT and NE were determined by the 
method of Maickel, ^ al^ (13). 

RESULTS 

Standardization of the SMA Test System. Effects of Single Doses of 
Amphetamine Isomers . 

In order to restandardize the test system and provide baseline data 
for interaction experiments, the experiments reported by Maickel, et al 
(12) were repeated, using doses of 1.0 or 4,0 mg/kg of d-amphetamine or 
1 -amphetamine. The data obtained are presented in Table 1. As can be seen. 


both doses of d-a.phetamine caused a significant increase in SHA activUy 
at all ti.e points. The lower dose of 1-ampheta.ine (1.0 n«/hg) caused 
a decrease in activity for the first 10 .inutes and an increase ,n the 
third and fourth 10 .inute periods, while the higher dose caused a decrease 
SMA activity in the first three 10 .inute periods and an increase ,n the 

final period. - cut 

.f nr,.o Treatments.^ nd,P!gtrs^ 

NE 

“■ order to have see information on the effects of the various compounds 

studies on brain levels of 5HT and NE. assays for, these amines were performed. 

j • Tahio 7 As can be seen, aMT reduced brain NE 
The data are presented in Table 2. , u 

. • CUT uihilp PCPA reduced 5HT levels’ by 67% 

levels by 64% with no change in 5HT. while Ptr« 

• MC Paravline increased 5HT levels by 89% 
with no significant change in NE. Pargylme 

* oriiiroH *iHT levels by 82% and NE levels 
and NE levels by 81%. while reserpine reduced 5HT 

by 81%. Neither of the amphetamine isomers had any signific..nt effect 
either amine. 

Sffects of aMT P retreatment 

The data in Table 3 demonstrate the effects of uMT pretreatment on 

the actions of d- and 1-amphetamine on mouse SMA activity. The uMT pre- 
treatment Itself caused a modest, but significant, reduction in SMA at a 
four time intervals. Both doses of d-amphetamine caused an increase in 
SMA in the oMT pretreated mice, although the characteristics of the effect 
differed from that seen in control animals (Table 1). For example, the 
magnitude of the stimulatory effect of the 1.0 mg/kg dose in the firs 
activity interval in the oMT pretreated mi ce. when estimated by the ratio 

of counts, did not differ significantly from that seen in control mice; 
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however. In the final two Intervals, the oMT pretreatment virtually abolished 
the stimulatory effect of the d-amphetamine. At the higher dose (4.0 mg/kg) 
of d-amphetamine, a similar pattern of reduction of response was seen over 
the final two Intervals although in the first interval a greater increase 
was observed in the aMT pretreated animals than in the controls. 

With the 1.0 mg/kg dose of the l-1somer, a slight increase in SMA 
(as compared to oMT alone) was observed in the first interval, followed 
by a decrease in the second Interval and then two intervals where no drug 
effects were observed. When compared to this dose of 1 -amphetamine in 
untreated animals, an increased SMA ratio was seen in the first Interval, 
followed by slightly lower values for the remaining intervals. The 4.0 
mg/kg dose of 1-amphetamine in uMT pretreated mice showed no intervals with 
SMA counts greater than those of pretreatment alone. When comapred to the | 
effects of that dose of 1 -amphetamine in control mice, the only significant 
difference was a marked lessening of activity in the 31-40 minute interval. 
Effects of PCPA Pretreatment of Actions of Amph etamine asomers^. 

These data are presented in Table 4. Pretreatment with PCPA had no 
significant effects on SMA at any of the intervals. Both doses of d-amphetamine 
increased SMA significantly at all intervals as compared to PCPA pretreatment 
alone. The magnitude of stimulation evoked by the lower dose of d-amphetamine 
(1.0 mg/kg) was somewhat reduced by the PCPA pretreatment. lo contrast the 
higher dose of d-amphetamine was slightly more effective in the animals 
pretreated with PCPA. 

At the lower dose (1 mg/kg), 1 -amphetamine scted as a stimulant in PCPA 
pretreated animals; the effect was greater than that of the same dose in 
control animals. The higher dose of 1 -amphetamine (4.0 mg/kg) had no signifi- 
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cant effect on SMA in PCPA pretreated mice. 

Fffopfg nf Parf| yHne Pretreatment on Actions of Amphetamine Isomers . 

The data, as presented in Table 5, show that the pargyline pretreatment 
itself caused a significant decrease in SMA over the last three intervals. 

When compared to these values, both doses of d-amphetami ne caused increased 
SMA at all intervals; only the first interval with the lower dose was not 
statistically significant. However, in comparison to the effects in control 
animals, the pargyline-pretreated animals were less responsive to the stimu- 
latory action of d-amphetamine at both doses. 

1-Amphetamine had no significant actions at the lower dose (1.0 mg/kg) 
when compared to pargyline pretreatment alone. At the higher dose (4.0 mg/kg) 
a complex pattern was seen, with significantly decreased SMA in the first 
and fourth intervals, a significant increase in the second, and no effect 
in the third when compared to pargyline pretreatment alone. When compared 
to the actions of the 1 -isomer in untreated animals, the effects of pargyline 
pretreatment seem to have been those of removal of any stimulatory component. 
Effects of Reserpine Pretreatment on Actions of Amphetam ine Isomers. 

Table 6 shows that mice treated with a single dose of reserpine (10 
mg/kg, i.p.) 24 hours prior to testing obviously displayed the typical 

sedation syndrome with a virtual absence of SMA. Administration of the 
low dose (1.0 mg/kg) of d-amphetamine evoked a small but significant increase 
in SMA which was far less than that produced by a similar dose in control 
animals. However, the larger dose of the d-isomer, when given to reserpine- 
pretreated mice, produced counts that were greater, at each interval , than 
those seen in control animals given the same dose. 


Administration of the low dose (1 mg/kg) of 1-amphetamine to mice pre- 
treated with reserpine resulted in a brief stimulatory response of small 
magnitude followed by negligible activity over the last two intervals. 

At the higher dosage, the 1 -isomer was slightly stimulatory, with the 
effect decreasing with time. 

DISCUSSION 

The effects of amphetamine on various aspects of animal behavior have 
been the subject of literally thousands of experiments. Until about twelve 
years ago, most reports concluded that the two isomers of amphetamine 
differed only in terms of quantitative potency. This was especially true 
in terms of behavioral tests in which the drug effect was manifested as a 
central stimulatory activity, that is, one resulting in increases in rates 
of activity or responding. More recently, a variety of reports (18, 27), 
including one from this laboratory (12), have suggested that some basic 
qualitative differences may exist in the actions of the amphetamine isomers 

ir 

on animal behavior. In extending our previous work, the use of the simple 
actophotometer, with groups of 3 mice per unit, was continued as a measure 
of spontaneous motor activity. The use of naive mice in each test run 
insured a high component of exploratory activity in the overall SMA measure- 
ment; the use of 10 minute counting intervals permitted evaluation of 
varying duration of drug effects as well as enhancing the magnitude of 
specific phenomena of brief duration. 

The data obtained in control (non-pretreated) animals, as presented in 
Table 1 , were basically similar to those previously reported by this laboratory 
(12). Thus, d-amphetamine, at both dosages, (1.0 and 4.0 mg/kg), caused a 
marked increase in SMA over control values. The decrease in SMA during the 

2.90 ; 


third interval at the higher dose of d-amphetamine was seen consistently 
and may reflect a temporary fatigue. In contrast to the d-isomer, 1-amphet- 
amine showed markedly differing dosage effects. At the lower dose (1.0 
mg/kg), a significant decrease in SMA in the first interval was followed 
by a non-significant action in the second test interval, and a slight 
stimulatory action in the remaining two intervals. In contrast, the higher 
dose of 1-amphetamine (4.0 mg/kg) caused a significant reduction in SMA 
activity over the first 3 test intervals, reverting to stimulatory actions 
only in the last ten minutes. 

The first pretreatment studied was that of aMT which produced a 64% 
decrease in whole brain NE at the time of starting the test period with no 
significant alteration in brain 5HT (Table 2). Since aMT depletes NE by 
inhibition of tyrosine hydroxylase, it may be assumed that some reduction in 
brain dopamine levels also occurred under these conditions (22). With this 
pretreatment, the stimulatory effects of the low dose of d-amphetamine were 
markedly reduced both in magnitude and duration (Table 3), while the higher 
dose had an initial stimulatory effect greater than that seen in controls, 
followed by a rapid abatement of stimulatory activity. These results confirm 
the observations made by Miller, et a1_ (14) that aMT pretreatment had a 
marked effect on the ability of d-amphetamine to increase continuous 
avoidance responding in rats. Thus, the stimulatory actions of d-amphetamine 
may be dependent upon the presence of a labile or newly synthesized cate- 
cholamine pool . In contrast to the actions on d-amphetamine, the aMT 
pretreatment generally caused the 1 -isomer to have a greater SMA depressant 
effect, especially in terms of duration of action. This would agree with 
the hypothesis that this depressant action may involve systems that are 


functionally antagonistic in terms of controlling SMA; one involving cate- 
cholamines, anl the other involving some other biogenic amine. 

Pretreatment with PCPA, at a dosage regimen that reduced brain 5HT 
by 67? with only a slight and non-significant action on brain NE, {Table 2), 
had no significant effect on the SHA (Table 4). PCPA pretreatment caused 
a small reduction in the SMA stimulation evokec by the lower dose of d- 
amphetamine, but enhanced the stimulatory actions of the higher dose of 
d-amphetamine. The action of PCPA pretreatment, with its concommitant 
reduction of brain 5HT, was most dramatic on the effects of 1 -amphetamine. 
The depressant effects of both doses of the 1 -isomer was completely blocked; 
indeed the lower dose even showed a modest stimulatory effect on SMA. These 
results lend support to the hypothesis that the depressant actions of the 
1-isomer on SHA may involve action on a serotonergic system. 

Pargyline pretreatment, elevating brain levels of 5HT by 110? and NE 
by 81? (Table 2), caused a modest decrease in SMA (Table 5) possibly due to 
an increased serotonergic tone. The stimulatory effects of both doses of 
d-amphetamine were reduced at all intervals; the most dramatic reductions 
were seen in the periods beyond 20 minutes, where the 3- to 5-fold increase 
in counts seen in control animals was reduced to 2- to 3-fold increases by 
the pargyline pretreatment. In contrast to these observations, the low 
dose of 1-amphetamine was without a significant effect on SMA, while the 
high dose depressed SHA activity in the first and fourth intervals, but 
showed a significant paradoxical increment in the second interval. 

Reserpine pretreatment, on the other hand, reduced brain 5HT levels 
by 82? and brain NE levels by 80? (Table 2); under these conditions, SMA 
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was virtually abolished (Table 6). Both doses of d-araphetamlne had 
stimulatory activity In reserpine pretreated animals (Table 6). In fact, 
the effects of the 4.0 mg/kg dose were similar to or greater than the actions 
of the drug In non-treated controls. This may be a reflection of a central 
nervous system version of "supersensitivity" (28) or It may reflect a direct 
stimulatory action of d-amphetamlne as proposed by Rech (20). At the 
lower dose, 1-amphetam1ne had a very small stimulant effect In reserpine- 
pretreated animals, while at the higher dose the 1-isomer had a modest ^ 

stimulant action, approximately one-fourth as potent as that of the d-isomer. 

Of course, since the SNA after reserpine pretreatment was so low. It was 
impossible to elicit any further depression with 1 -amphetamine. Neverthe- 
less, It was of Interest to discover that the mixed activity of the 1-1somer 
could be so easily converted to purely stimulatory action by virtue of 

reserpine pretreatment. 

When the various results presented In this paper are recomputed in 
terms of "percent control" as described by Jacobs, et ai (8), a most Interesting 
set of numbers are generated; these are presented as Table 7. In no Instance 
did any dose or count Interval in animals treated with d-amphetamlne show 
a decrease In SMA; In contrast, with the exception of the animals pretreated 
with reserpine or PCPA, the preponderant response to 1 -amphetami ne was a 

ciecreased SMA. 

An overview of these results leads to the conclusion that the d-isomer 
of amphetamine, at doses of 1 .0 and 4.0 mg/kg, k.p. In mice, has a net 
stimulant action as reflected by Increased SMA, and, that this effect is 
mediated by catecholamine release from freshly synthesized or labile pools. 
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in contrast, the 1-Isomer of amphetamine appears to have a dual nature. 

In addition to possessing a modicum of catecholamine releasing activity, 
it also has an ability to interact with serotonergic systems, perhaps by 
the very nature of its p-phenylethylamine structure. Thus, if one assumes 
that SMA reflects a net activity controlled by a “balance" of 5HT and 
catecholamine functions (3. 6). d-amphetamine will increase SNA by shifting 
the “balance" to the catecholamine side, while 1 -amphetamine will decrease 
SHA by shifting the “balance" in favor of the serotonin side. The possible 
role of other biogenic amine systems (such as dopamine) cannot be eliminated 
although in the present work, the levels of amphetamines used may not have 

had a significant action on dopaminergic systems (10). 


TABLE 1 




Counts per Interval ± SEM* ^ 

1 T mn n ln^n min F 


ij Isomer 

Dose 

N 

0-10 min 

11-20 min 

21-30 min 

31-40 min 

F^ 


mg/kg 







i, . ♦ 


15 

81 8± 25 

558± 16 

393± 12 

297+ 10 

-- 

i cl 

1.0 

12 

T266± 46^ 

1290± 42^ 

1270± 31^ 

1257+ 45^ 

<.01 

.1 d 

4.0 

12 

1498+ 43^ 

1697+ 47 V 

1209± 37^ 

1508± 41^ 

<.01 

r: ^ 

1.0 

12 

690± 22® 

,.NS 
565+ 14 

460± 17^ 

385± 16^ 

<.05 

f 

I. 1 ^ 

4.0 

12 

675± 19® 

303± 14® 

283± 15® 

409+ 19^ 

<.01 


Data were obtained as described in Materials and Methods; each "N“ 
represents a run of 3 mice. 

' *Superscript letters refer to individual comparisons of each interval 
to corresponding control interval by two-tailed "t" test: 

I = increased counts (p < .001) • 

D = decreased counts (p < .001) 

NS - non-sigpificant 

^One way analysis of variance for drug effect; p values are given for 
F (2,6). 



TABLE 2 


Effects of Drug 

Treatments on 

Levels of 5HT and NE in Mouse Brain 

Drug Treatment 

N 

Brain Levels (vg/g 
5HT 

± SMA) 

m 

None 

12 

0.73 ± .02 

0.59 ± .02 

aMT 

8 

0.77 ± .02 

0.21 ± .or 

PCPA 

8 

0.24 ± . 02 '^ 

0.51 ± .02 
1.07 ± .05^ 
0.11 ±.01® 

Pargyline 

8 

1.38 ± .05^ 

Reserpine 

8 

0.13 ± .0l“ 

d-Amphetamine 

6 

0.71 + .02 

0.58 ± .02 

1 -Amphetamine 

6 

0.73 ± .03 

0.59 ± .02 


Each "N“ value represents a pool of brains from 2 mice. Pretreatment 
schedules were as follows: 

aMT - 150 mg/kg, i.p. (peanut oil suspension) at 24 hours and 4 
hours prior to sacrifice. 

PCPA - 400 mg/kg, i.p. (peanut oil suspension) at 48 hours prior 
to sacrifice. 

Pargyline - 40 mg/kg, i.p. (aqueous solution) at 24 hours and 4 
liours prior to sacrifice. 

Reserpine - 10 mg/kg, i.p. (aqueous solution) at 24 hours prior 
to sacrifice. 

- d- or 1 -Amphetamine - 4 mg/kg, i.p. (aqueous solution) at 30 minutes 
prior to sacrifice. 

Values differing significantly from control (two-tail v®d t test, p < .05) 
are indicated by D = docrease or I “ increase. 
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TABLE 3 


Isomer 


d 

d 

1 

1 


r,,-.. -MT Pratraat.ent^!LAcM2I^^^ 


Dose 
mg/ kg 


1.0 

4.0 

1.0 

4.0 


8 

4 

4 

4 

4 


Q-10 min 
708± 39*^ 


Counts per Interval ± SEM* 
n-20 min 21 -30 min 


429± 22 


0 


297± 17' 


31-40 min 
237± 16° 


1157± 61 


850± 55 


I 


408+ 43 


,NS 


I 


2062±119^ 1239± 86 

856+ 43^ 283+ 23^ 

628± 41**^ 329± 24 


D 


309± 24 
296± 20 
254± 27 


NS 


31 7± 23 
301+ 26 


I 


NS 


,NS 

,NS 


276+ 28 
160± 16^ 


,NS 


jL 

<.01 

<.05 

<.05 

<.05 

<.05 


Animals were treated with aHT as described In Table 2; each "N" 
represents a run of 3 mice. 

♦Superscript letters refer to or'X Interval’ by^two- 

to the corresponding control (for oHT alone; or 

tailed "t" test: 

I = increased counts {p 
D = decreased counts (p <.05; 

NS - non-significant 

p values are given for F (2,6). 


r.fc -y.'. 

i ' 
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-TABLE 4 


i 


Effects of PCPA Pretreatment on Actions of Amphetamine Isomers^ 


Isomer 

Dose 

N 

0-10 min 

Counts per 
n-20 min 

Interval + SEM* 
21-30 min 

31-40 min 



mg/ leg 

16 

832+ 24^^ 

559+ 23^^ 

NS 

427± le*^^ 

31 0± 15^^ 
1008± 35^ 

NS 

d 

1.0 

4 

1167± 66^ 

927+ 52^ 

867± 36^ 

<.01 

d 

4.0 

4 

1742± 69^ 

1724± 96^ 

1824+ 74^ 

1883± 98^ 

<.01 

1 

1.0 

4 

898+ 39^^ 

764± 46^ 

767± 36^ 

726± 48^- 

<.01 

1 

4.0 

4 

NS 

809+ 49'^^ 

497± 45^^ 

NS 

392+ 49'^^ 

357+ 34^^ 

NS 


Animals were treated with PCPA as described in Table 2; each "N” repre- 
sents a run of 3 mice. 

*SuDerscriot letters refer to individual comparisons of^each interval 
to the corresponding control (for PCPA alone) or PCPA interval by tne 
two-tailed "t" test: 


I = increased counts (p <.001 ) 
D = decreased counts (p <.001 ) 
NS “ non-significant 



Dne way analysis of variance for PCPA effect as compared to control 
data (Table 1) and for each drug effect as compared to PCPA alone, 
p values are given for F (2,6). 
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TABLE 5 




Effects of ParqyVine Pretreatment on Actions of Amphetamine Isomers 

4 


Counts per interval ± SEM* 


Isomer 

Dose 

mg/kg 

N 

0-10 min 

11-20 min 

21-30 min 

31-40 min 


«.« 

— 

6 

NS 

901 ± 32*^^ 

483+ 

24° 

340± 15° 

250+ 11° 

<.05 

d 

1.0 

3 

972± 27^^^ 

1075± 

58^ 

657± 54^ 

599+ 55^ 

<.01 

d 

4.0 

3 

1257±105^ 

1099+ 

59^ 

697± 62^ 

* 797± 38^ 

<.01 

1 

1.0 

3 

797+ 

483± 

46^S 

241 ± 53^^ 

209+ 42^^ 

NS 

1 

4.0 

3 

722± 48° 

+1 

00 

73 ^ 

357+ 43^'*^ 

128± 21° 

<.05 


Animals were treated v/lth partyline as described in Table 2; each "N" 
represents a run of 3 mice. 

♦Superscript letters refer to individual comparisons of each interval 
to the corresponding control (for pa rgyline' alone) or pargyline interval 
by the two-tailed "t" test; 

I = increased counts (p <.02) 

D = decreased counts (p <.02) 

NS = non-significant 

o 

One way analysis of variance for pargyline effect as compared to control 
data (Table 1) and for each drug effect as compared to pargyline alone; 
p values are given for F(2,6). 



TABLE 6 


Effpc ts of Reserpine Pretreatment on Actions of Amphetamirie Isomers 

Counts per Interval + SEM* * 


Isomer 

Dose 
mg/ kg 

N 

0-10 min 

11-20 min 

21-30 min 

31-40 min 




6 

6± 1^ 

5± 1“ 

11± 2^ 

12± 4° 

<.01 

d 

1.0 

3 

191± 16^ 

300± 28^ 

354± 26^ 

189± 20^ 

<.01 

d 

4.0 

3 

1631+191^ 

1799± 94^ 

1838+114^ 

>1930± 59^ 

<.01 

1 

1.0 

3 

68± 10^ 

50± 12^ 

18± 6^^ 

8± 3^^ 

in 

o 

• 

V 

1 

4.0 

3 

485± 46^ 

464± 58^ 

330± 28^ 

162+ 24^ 

<.01 


Animals were treated with reserpine as described in Table 2; each "N" 
represents a run of 3 mice. 

♦Superscript letters refer to individual comparisons of each interval to 
the corresponding control (for reserpine alone) or reserpine interval by 
the two-tailed "t" test: 

I = increased counts (p <.01 ) 

D " decreased counts (p <.01 ) 

NS = non-significant 

^One way analysis of variance for reserpine effects as compared to control 
data (Table 1) and for each drug effect as compared to reserpine alone; 
p values are given for F (2,6). 


TABLE 7 



nf Various_ 

Pretreatments on SMA Actions of 

Amphetamine Isome^ 

LTTcwUj 




Percent Control Counts 

31-40 m^ 

Pretreatment 

Isomer 

Dose 

mg/kg 

0-10 min 

11-20 min 

21-30 min 

None 

d 

1.0 

4.0 

155 

183 

231 

304 

323 

308 

423 

508 

aMT 

d 

1.0 

4.0 

163 

291 

198 

289 

137 

104 

134 

127 

PCPA 

d 

1.0 

4.0 

139 

208 

165 ' 
308 

203 

427 

325 

607 

Pargyline 

d 

1.0 

4.0 

108 

140 

223 

228 

193 

205 

240 

319 

Reserpine 

d 

1.0 

4.0 

3183 

27183 

6000 

35980 

3218 

16709 

1575 

16083 

None 

1 

1.0 

4.0 

84 

83 

101 

54 

117 

72 

130 

138 

aMT 

1 

1.0 

4”.0 

121 

89 

66 

77 

100 
86 . 

116 

68 

PCPA 

1 

1.0 

4.0 

107 

96 

137 

89 

180 

92 

234 

115 

Pargyline 

1 

1.0 

4.0 

88 

80 

100 

155 

71 

105 

84 

51 

Reserpine 

1 

1.0 

4.0 

1133 

8083 

1000 

9280 

164 

3000 

67 

1350 
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